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Description 

This invention relates to high temperature, solid 
electrolyte, elongated, electrochemical cells con- 
taining a plurality of annular, self-supporting ceil 
segments or elements contacting annular intercon- 
nection members disposed between the cell ele- 
ments; and to a plurality of such cells electronically 
interconnected in a generator chamber in an elec- 
trochemical generator apparatus. 

Fuel cells having a concentric configuration of 
tubular electrodes, supported and spaced away 
from each other, are well known in the art, and 
disclosed, for example, in U.S. Patent Specification 
No. 3,259,524 (Fay et al.). There, a noble metal 
impregnated, closed-tube, outer graphite electrode 
was supported in a spaced relationship in a hous- 
ing, by inert plugs, and contained a spaced apart, 
closed-tube, inner palladium electrode into the bot- 
tom of which a fuel was fed by means of a long 
fuel tube. The electrolyte used was an aqueous 
solution of potassium hydroxide, and the apparatus 
operated at a low temperature, it was later found, 
that solid electrolyte fuel cells, operating at a high 
temperature, provided a much more efficient elec- 
trochemical apparatus. Electrical connections be- 
tween adjacent cells posed interesting problems in 
these solid oxide type apparatus. 

U.S. Patent Specification Nos. 3,402,230 and 
3,460,991 (White), disclose a self-supporting, one 
piece, tubular, high temperature, solid electrolyte 
fuel cell tube. There, an elongated, tubular, gas 
tight cell stack was taught, with solid electrolyte 
generally disposed between air electrodes and fuel 
electrodes. The cell tube was unitarily formed as a 
continuous tube, rather than assembled as a series 
of individual cells. Gaps between the cells were 
filled with an overlap of top air electrode overrun- 
ning the underlying solid electrolyte to physically 
and electrically contact the bottom electrode for- 
ming an electrode-to-electrode connection on the 
tubular structure. Calcia stabilized electrolyte was 
taught, along with a variety of cathode and anode 
materials. Electronic connections between individ- 
ual fuel cell stack tubes were made in series, 
directly from the inner electrode of one cell stack 
tube to the outer electrode of a parallel, adjacent 
cell stack tube. 

U.S. Patent 3,525,646 (Tannenberger et al.), 
also discloses a tubular, solid oxide, fuel cell stack 
structure, similar to that disclosed by White, but, 
supported on a porous tube, and having segmenta- 
tion between top electrode layers and between 
bottom electrode layers, but electronic connection 
between bottom and top electrodes along its 
length. U.S. Patent 3.536.549 (Archer et al.), also 
deals with flat, solid electrolyte in cylindrical cell 
configuration, utilizing a fuel and an oxidant. There, 



fuel and air electrodes were coated on opposite 
faces of a solid electrolyte disc, between contact- 
ing annular gaskets and spaced apart annular cur- 
rent collectors which defined air and fuel compart- 

s ments. Both air and fuel were fed through man- 
ifolds internal to the cells, where air and fuel flow 
across electrodes was 90* to *the axial length of 
the cylindrical configuration. 

U.S. Patent Specification No. 3,668,010 (Faliy 

w et al.), discloses solid electrolyte cell stacks in 
tubular form, having electrodes on their inner and 
outer surfaces, where a round metal plug was used 
to fill holes made through the electrode tube, so as 
to electronically connect the outer electrode of one 

75 cell with the inner electrode of an adjacent cell in 
series, similarly to White, at a number of places 
around the circumference of the tube. U.S. Patent 
Specification No. 4,174,260 discloses internal, tu- 
bular interconnection rings, for series-connected 

20 cell stacks, where the inner electrode of a tubular, 
solid oxide, fuel cell arrangement overlapped an 
inner portion of the interconnection ring, and the 
outer electrode overlapped an outer portion of the 
interconnection ring, so as to electronically connect 

25 inner and outer electrodes, again, similarly to 
White. 

More to date, EP 0 055 01 1 A1 discloses a fuel 
cell arrangement incorporating long, thinT-corrtintj^- 
ous, tubular, solid oxide fuel cells, where air was 
30 fed into the center of the single cell tube, which 
contained an air electrode on a support tube, by 
means of air feed tubes, which could be inserted 
into the porous support tube for air distribution. 
Fuel flowed between and around the outer fuel 

35 electrodes of parallel sets of single fuel cells. A 
single air inlet, fuel inlet, and reaction product 
combustion outlet are disclosed. EP 0 055 016 A1 
discloses solid oxide fuel cell configurations and 
interconnections. The fuel cell design is a continu- 

40 ous design used in EP 0 055 011 A1 and is 
constructed with a long, separate, central, porous 
support tube covered by an air electrode, solid 
electrolyte and fuel electrode. Each fuel cell had a 
long, single interconnection, and an attached metal 

45 felt strip, extending the length of the fuel cell, for 
the air electrode of one cell to electronically con- 
nect to the fuel electrode of adjacent cell. Cells 
could also be connected in parallel by means of 
additional, attached metal felt strips. 

so An alternate design disclosed in EP 0 055 016 

A1, involves circumferential segmentation of the 
elongated single cells. By dividing the long cell into 
segments, each segment would be contacted with 
similarly depleted air and fuel, rather than one end 

55 of a long cell seeing fresh air and fresh fuel and 
the other end seeing completely depleted air and 
completely depleted fuel. The circumferential por- 
tion between segments was taught as being an 
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electronically insulating solid electrolyte material, 
such as yttria stabilized zirconia. In all cases, the 
air electrode could be made of doped or undoped 
oxides or mixtures of oxides in the pervoskite fam- 
ily, such as LaMnOa, and the fuel electrode could 
be made of a nickel zirconia cermet material. U.S. 
Serial No. 852,865 (Grimble et al.), ^ed April 16, 
1986 discloses the further advance of the in-situ 
reforming of fuel along the entire length of the fuel 
cell, and the addition of separate fuel feed tubes 
exterior to and disposed between the fuel cells to 
provide unreformed fuel feed. 

U.S. Patent Specification No. 4,476,198 
(Ackerman et aL), discloses solid oxide fuel cells 
arranged in a close packed, contacting array in a 
generator which represents a departure from 
spaced apart tubular cells. Here, a corrugated plate 
structure of fuel electrode, air electrode and elec- 
trolyte formed opposing triangular channels in con- 
tact with an electrical interconnection material layer 
disposed between those corrugated layers and 
connecting positive and negative electrodes of dif- 
ferent layers. All the layers were in bonded series- 
connected electronic contact through the intercon- 
nection. Oxidant was fed into a triangular air elec- 
trode space by means of air feed tubes extending 
the length of the air electrode space. Single oxidant 
inlet, fuel inlet, generator, and reaction product 
combustion outlet chambers were taught. The fuel 
and air electrodes and electrolyte disposed be- 
tween them were of a long, continuous design. 

The fuel cell and generator of EP 0 055 011 A1 
and EP 0 055 016 A1 the most current of the 
tubular designs, relate to long cells, usually of 
about 15 mm outside diameter, where, however, 
the diameter of the cell cannot, be increased with- 
out also raising the cell resistance. These fuel cells 
have associated power losses due in the main to 
the resistance of the oxide air electrodes and due 
to the fact that the electrical current in the air 
electrode flows in a circumferential pattern to an 
axially positioned interconnection strip, and from 
there to a metallic current collector felt. These cells 
also require time consuming and expensive 
masking-demasking steps in the deposition pro- 
cesses used and add substantially to cell cost, 
which cost becomes very significant because of 
the large number of cells required in each gener- 
ator. Also, cell designs of White, Tannenberger et 
al., Schmidberger. and similar series-connected 
stack type processes, require labor intensive 
masking-demasking steps and electrical intercon- 
nection steps adding substantially to design com- 
plication and cell cost. 

Present cells of this tubular configuration can 
achieve moderate power levels, about 20 watts per 
30 cm long fuel cell tube. Power can be increased 
by extending the length of the active cell, however, 



cell lengths over about 1.2 meters (4 feet) present 
fabrication problems. Also, long and small bore cell 
tubes present a problem in air manifolding in gen- 
erators, due to increased pressure drop. While the 

5 present design is reliable and quite adequate for 
small and medium size generators, and new design 
of both generator and fuel cell is needed, which 
would provide major cost reductions in cell fabrica- 
tion, while at the same time providing higher gener- 

10 ator power levels. 

It is an object of this invention to provide a 
unique cell configuration of increased diameter, 
allowing the cells to be self-supporting and easily 
and inexpensively fabricated, where the configura- 

75 tion provides a shorter current flow path in the air 
electrode, and also to provide a more efficient and 
power capable interconnection, support, and gener- 
ator design. 

Accordingly, the invention resides in an axially 

20 elongated, annular, fuel cell assembly, character- 
ized in that said assembly comprising a plurality of 
cell elements each comprising a self-supporting, 
annular, electronically conductive, porous, inner air 
electrode; solid oxide electrolyte contacting and 

25 surrounding said air electrode; and an electronically 
conductive, porous, outer fuel electrode contacting 
and surrounding said electrolyte; with an annular, 
electronically conductive, interconnection members 
disposed between and bonded to the cell ele- 

30 ments, and in that the inner air electrodes of the 
cell elements on the same cell assembly are elec- 
tronically connected through the interconnection 
member while the outer electrodes of the celt ele- 
ments on the same cell assembly are physically 

35 and electronically segregated from each other and 
from the inner electrodes on the same cell assem- 
bly. 

In its broadest aspect, the present invention 
provides an axially elongated, annular, low voltage 

40 electrochemical cell comprising a plurality of an- 
nular, cell segments or elements. The term 
"annular" as used herein can include a variety of 
closed cross-sections, such as a round or square 
cross-section. Such cells in an assembly are usu- 

4b ally divided into several cell sub-assemblies con- 
nected by a sleeving means. Each cell segment or 
element has an inner and outer annular electrode 
with an electronically insulating, solid electrolyte 
layer therebetween. The inner electrode of each 

so cell element is bonded to an annular, electronically 
conductive, interconnection ring member disposed 
between cell elements, while the outer electrodes 
of the plurality of cell elements are physically and 
electronically segmented from each other and from 

55 the inner electrodes. The electrodes are electron- 
ically conductive, i.e., allow free flow of electrons. 
The electrolyte is ionically conductive and electron- 
ically insulating, i.e., electrons are attached to a 
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mass which transfers through the electrolyte, the 
ion contains the mass plus electrons. 

Thus, there is a continuous electronical con- 
duction through the entire tubular length of the 
inner electrode portion of the sub-assemblies and a 
short current flow path in the inner air electrode to 
the interconnection member. A hollow air flow path 
is defined by the air electrode elements or seg- 
ments and the interconnection member. In all in- 
stances, each successive layer surrounds the bot- 
tom layer it contacts. 

Preferably the interconnection member has a 
recess, notched or grooved in its side, to receive 
the annular inner electrode edge. Also, simple, 
square butting joints can be used at the inner 
electrode-interconnection member interface, which 
is in all cases sinter bonded together or glued with 
conductive cement. The solid electrolyte layer pref- 
erably covers an outer portion of the interconnec- 
tion member, insuring a gas tight seal between the 
gas tight interconnection member arid the inner 
electrode. The bonded cell elements are self-sup- 
porting and longer, while the interconnection mem- 
bers are short but of similar diameter, which is not 
limited to any dimension. The axially elongated, 
cell assemblies are positioned parallel to and adja- 
cent one another and electronically connected in 
series by conductive assembly connectors, such as 
wires metal felts or metal tapes, each assembly 
connector contacting the interconnection member 
of one cell assembly, and the outer electrode of an 
adjacent cell assembly. In a somewhat similar fash- 
ion, parallel electrical connections can be made, 
where interconnections are contacted to intercon- 
nections and outer electrodes are contacted to 
outer electrodes. 

The power output of each cell element can be 
as high as 10 watts, and since a 2 meter (6.5 feet) 
cell assembly length is possible using the configu- 
ration of this invention, and a variety of connecting, 
sleeving members, the long cell assembly can be 
composed of four, 50 cm long cell sub-assemblies, 
each sub-assembly containing about 5 cell ele- 
ments, totaling about 40 cell elements and repre- 
senting a possible 400 total watts per elongated, 
cell assembly. This cell configuration can of course 
also be used for short length cell assemblies. For 
an equal number of tubular structures, this could 
provide up to 20 times more power than former 
Isenberg tubular fuel cell designs. Each cell ele- 
ment can be about 40 mm long and have about a 
.45 mm outside diameter, with a wall thickness of 
about 3 mm. This relatively large cross section and 
wall thickness eliminates the need for a separate 
support member, and provides a large internal 
cross-sectional area for gas flow. The cell element 
diameter is governed by resistance losses in metal 
connectors from cell assembly to cell assembly. 



Smaller cell element diameters can be of advan- 
tage in reducing electrical losses in such. 

For optimum operation of these large internal 
area cell elements, a higher flow of fuel and air is 

5 required than for former tubular fuel cell designs. 
While the unique, electrochemical cell assemblies 
of this invention can be used in a well known 
conventional generator shell, containing single gen- 
erating and preheating chambers, to provide a new 

w generator design, a higher gas flow design is pre- 
ferred. In the high gas flow generator apparatus 
design of this invention, the elongated cell assem- 
blies will be open at both ends, each end being in 
communication with a separate combustion product 

75 chamber having its own exhaust gas exit port. 

The new generator design of this invention thus 
comprises: a housing means defining a plurality of 
chambers including two combustion product cham- 
bers, with a generator chamber disposed between 

20 them; porous barriers separating the generator 
chamber an d the two combustion product cham- 
bers; a plurality of elongated, annular, electro- 
chemical cell assemblies comprising a plurality of 
cell elements disposed in the generator chamber; 

25 means for flowing a first gaseous reactant into the 
elongated, annular, electrochemical cell assem- 
blies, to contact an inner electrode, and through the 
porous barriers into the combustion product cham- 
bers; means for flowing a second gaseous reactant 

so into the generating chamber, about the elongated, 
annular, electrochemical cell assemblies, to contact 
an outer electrode, and through the porous barriers 
into the combustion product chambers; means for 
segregating the first and second reactants from 

35 direct contact with one another prior to entry of 
each into the combustion product chambers; and 
means to exhaust the first and second reactants 
from the combustion product chambers. 

Preferably, the means to flow gaseous reac- 

40 tants is a gas injector tube, the electrochemical cell 
assemblies are fuel cell assemblies, with the outer 
electrode being a fuel electrode and the inner 
electrode being an air electrode. Preferably, the 
cell elements and interconnection members are 

45 circular, although other cross-sections are possible, 
for example, a corrugated cross-section would al- 
low an increase of the active surface area of the 
cell elements. Preferably, the sub-assemblies are 
connected by means of a sleeve member which 

so also provides internal support for gas injector tubes 
centrally located within the elongated, fuel cell as- 
sembly. 

The elongated, electrochemical cell assembly, 
which constitutes essentially a large, segmented, 
55 single cell, described in this invention can dramati- 
cally increase power levels over present single, 
continuous, long cell configurations, can allow 
elimination of the inner porous support structure for 
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the cell elements, can help solve pressure drop 
problems in gas manifolding inherent in small bore 
long tube design, can substantially eliminate ex- 
pensive fabrication costs of small bore long tubes, 
can allow much better thermal expansion matching 
of cell assembly components because sintered 
bodies of better matching compositions can be 
used, and can help eliminate laborious vapor depo- 
sition and masking-demasking processing steps in 
vapor deposition of the thin layer electrolyte, for 
instance, presently used for solid oxide fuel cells. 
This design can also be utilized as an electrolysis 
cell for steam and carbon dioxide. 

In order that the invention can be more clearly 
understood, convenient embodiments thereof will 
now be described, by way of example, with refer- 
ence to the accompanying drawings in which: 
Figure 1 is a broken perspective view of the 
long, tubular, prior art electrochemical cell de- 
sign using metal felt interconnections, in a prior 
art electrochemical generator shell having a sin- 
gle generator chamber, and a single combustion 
product chamber; 

Fig. 2 is a broken perspective view of one 
embodiment of an electrochemical generator, in- 
cluding a plurality of elongated, electrochemical 
cell assemblies and dual combustion product 
chamber; 

Fig. 3 is a cross-sectional view of the elec- 
trochemical generator of Fig. 2 showing interior 
and exterior gas injector tubes and dual com- 
bustion product chambers; 
Fig. 4 is a cross-sectional view of several bon- 
ded ceil elements and interconnection members, 
making up part of a cell sub-assembly, along 
with a gas injector tube and an attached, open 
end cap, with Fig. 4A and Fig. 4B showing 
modifications of the interconnection members; 
Fig. 5 is a cross-sectional view of the joined 
ends of two cell segment sub-assemblies, show- 
ing the sleeve member connector which also 
provides support for an interior gas injector tube; 
Fig, 6 is a cross-sectional view of the spider 
support for the interior gas injector tube, shown 
in Fig. 5, taken along line VI-VI of Fig. 5; 
Fig. 7 is a cross-sectional view of one embodi- 
ment of a corrugated cross section for a cell 
element; 

Fig. 8 is a side view of series connection be- 
tween three adjacent, staggered, electrochemi- 
cal cell sub-assemblies; and 
Fig 9A and Fig. 9B are cross-sectional views of 
series-parallel connected, adjacent electro- 
chemical cell sub-assemblies taken along the 
lines IXA and IXB of Fig. 4. 
Referring now to Fig. 1 a prior art fuel cell and 
fuel ceil generator design, such as that described 
in EP 0 055 011 A1, is shown. The generator 



contains a gas tight housing 12, with associated 
insulation 22, a single generating chamber 1 4, and 
a single preheating chamber 16 with exhaust port 
28. Fuel, PI, flows into one side of the generator, 

5 - and oxidant, P2, flows into the other side. The fuel 
flows about the long, tubular, one piece fuel cells 
39 and through porous barrier layer 32 into the 
combustion product chamber, as depleted fuel. Ox- 
idant enters the fuel cells 39 by means of oxidant 

10 injector feed tubes 20, which have an open end 
within the fuel cells 39 whereby fresh oxidant 
reaches the inside end of the fuel cells, reverses 
direction, and as depleted oxidant exits through 
inactive portion 48 into the preheating chamber 16. 

75 The depleted oxidant contacts depleted fuel in the 
preheating chamber, both of which combust to heat 
the oxidant flowing within feed tubes 20, and then 
exit through port 28. The fuel cells 39 are all 
interconnected by means of long, external, metal 

20 fiber felts 54, extending along the entire active 
length of the fuel cells. The ends 44 of the fuel 
cells 39 are closed. 

Referring to Fig. 2, there is shown one embodi- 
ment of a high power, high gas flow, electrochemi- 

25 cal cell generator design. The generator 10 in- 
cludes a gas tight housing means 12, defining and 
surrounding a plurality of chambers, including a 
central generating chamber 14 disposed between 
dual combustion product or preheating chambers 

30 15 and 16. A fuel inlet chamber or appropriate 
manifolding means 17 and an oxidant inlet cham- 
ber or appropriate manifolding means 18 can also 
be contained within housing 12, each disposed 
next to a preheating chamber. Porous barriers 31 

35 and 32 separate the central generating chamber 14 
and the two combustion product or preheating 
chambers 15 and 16. A plurality of axially elon- 
gated, electrochemical cell assemblies 40, each 
comprising a plurality of cell elements, are dis- 

40 posed within the central generating chamber 14. 

The generator 1 0 also has means for flowing a 
first gaseous reactant, fuel PI, about the cell as- 
semblies 40, to contact an outer electrode, and 
through the porous barriers 31 and 32 into com- 

45 bustion product chambers 15 and 16; and means 
for flowing a second gaseous reactant, oxidant P2, 
into the cell assemblies 40, to contact an inner 
electrode, and through the porous barriers 32 and 
31 into combustion product chambers 16 and 15. 

so The first and second reactants are segregated from 
direct contact with one another prior to entry of 
each into the combustion product chambers. 

The housing 12 is preferably comprised of 
steel or other suitable metal alloy, and lined 
55 throughout with a thermal insulation, one layer of 
which is shown as 22 such as low density alumina 
insulation. Penetrating the housing 12 and insula- 
tion 22 is a fuel inlet port 24, shown best in Fig. 3 
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of the Drawings, an air inlet port 26, and combus- 
tion product outlet ports 27 and 28, as well as ports 
for insulated electrical leads 58, also shown best in 
Fig. 3. The generating chamber 14 extends be- 
tween the porous barriers 31 and 32. The preheat- 
ing chambers 15 and 16 extend between the po- 
rous barriers 31 and 32 and a respective tube 
support structure of some sort, such as metal tube 
sheets 33 and 34. The oxidant inlet chamber 18 
can extend between the tube sheet 34 and end 
wall 36 of the housing 12. The fuel inlet chamber 
17 can extend between the tube sheet 33 and end 
wall 30 of the housing 12. The dividing barriers can 
include other structural types, and additional sup- 
port and flow baffles can be incorporated. 

The shown barriers, i.e., the porous barriers 31 
and 32 and the tube sheets 33 and 34, need not be 
sealed structures. The porous barriers 31 and 32, 
are designed to allow gas flow between the gen- 
erating chamber 14, operating at an approximate 
pressure slightly above atmospheric, and the 
preheating chambers 15 and 16, operating at a 
slightly lower pressure, as indicated by arrows 37 
and 38. However, barriers 32 may be made tighter 
in this invention so that all the fuel introduced into 
generating chamber 14 does not flow into preheat- 
ing chamber 16, but due to some means of restric- 
tion, such as use of a higher density material for 
barrier 32, approximately 1/2 of the entering fuel 
will exit to preheating chamber 15. 

While the generator 10 is shown in a horizontal 
orientation in Fig. 2, it can be operated in a vertical 
or other position. High temperature operative, elon- 
gated, solid electrolyte containing, electrochemical 
cell assemblies 40, preferably fuel cell assemblies, 
extend between the preheating chambers 15 and 
16 within the generating chamber 14. The cell 
assemblies have open ends 42 in the preheating 
chamber 16, and preferably, when used as fuel 
cells, have open ends, very porous closed ends or 
preferably holes 43 in the end caps 44, most 
clearly shown in Fig. 4, at the preheating chamber 
15. 

Referring now to Fig. 4, the fuel cell elements 
41 are preferably tubular, and include an electron- 
ically ionically conductive insulating, solid electro- 
lyte 45 sandwiched between two electrodes 47 and 
49. The electrodes and electrolyte need not have a 
separate support structure. Each cell assembly 40 
contains an inactive length opening end 48, as 
shown in Fig. 2 or Fig. 3, and segmented elec- 
trochemical lengths corresponding to the fuel cell 
element length 41. All of the cell element active 
lengths are contained within the generating cham- 
ber 14. Preferably, the air electrode is inner elec- 
trode 47 and comprises a wide outside diameter 
structure, with a relatively thick wall able to support 
the electrolyte 45 and an outer electrode 49, pref- 



erably a fuel electrode. In a preferred embodiment, 
the cell elements would be 40 mm long with a 45 
mm outside diameter. The air electrode wall would 
be about 3 mm thick with electrolyte and fuel 
5 electrode layers about 10 microns (10' 6 m) to about 
150 microns (10' 6 m) thick. This provides a me- 
chanically sound ratio of tube thickness to outer 
diameter. A tube thickness greater than about 3 
mm may result in considerable diffusion losses 
10 during operation. Such dimensions should not, 
however, be considered limiting in any way. 

The inner electrode 47 is in electronic connec- 
tion, i.e., free electron flow, with all the other inner 
electrodes in the cell sub-assembly. Again referring 
15 to the cell element-interconnection member com- 
bination shown in Fig. 4, annular, electronically 
conducting interconnection ring members 51 , gen- 
erally, but not limited to about 3 mm to about 10 
mm wide, are disposed between the cell elements, 
20 and contact and are bonded to the inner annular 
electrodes 47. The interconnection rings are non- 
porous to fuel and oxidant and chemically stable in 
those gases, while the inner electrode 47, prefer- 
ably an air electrode, is porous to oxidant, and the 
25 outer electrode 49, preferably a fuel electrode, is 
porous to fuel. The interconnection ring can have a 
square channel around its side circumference, to 
receive the inner electrode, as shown in the two 
interconnection rings near the end cap 44, or the 
30 interconnection ring can have a circular, grooved 
channel to receive the inner electrode, as shown at 
point 53 in Fig. 4B. The interconnection ring can 
also present a simple, ungrooved, flat surface to 
the annular inner electrode as shown at point 55 in 
35 Fig. 4A. 

In all cases, each annular inner electrode will 
be sinter bonded and/or cemented with a compati- 
ble, heat resistant, conductive cement to its con- 
tacting interconnection ring, to bond the cell sub- 
40 assembly together. This conductive cement can 
contain air electrode material in a finely divided, 
i.e., 1 micron (10' 6 m) to 10 micron (10" 6 m), sinter 
active form. As shown at point 57, any of the 
interconnection rings described, can have a 
45 notched or grooved channel to partly recess wire 
or other type of electrically conductive assembly 
connectors 59. Preferably, an optional metal coat- 
ing 61 will be disposed between the interconnec- 
tion ring 51 and the assembly connectors 59. 
so As shown in Fig. 4, non-porous, electronically 

insulating electrolyte 45 is preferably applied over 
the outer adjacent surface of the interconnection 
rings 51 to overlap the outside surface of the 
interconnection rings. This provides a good gas 
55 tight seal, to prevent fuel gas and oxidant gas 
intermixing. As shown, the outer electrodes 49 are 
physically and electronically segmented from each 
other so that there is no direct electronic, free 
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electron flow path between outer electrode seg- 
ments on the same cell sub-assembly nor is there 
an electronic, free electron flow path between the 
outer electrodes and the inner electrodes, and each 
successive layer completely surrounds the bottom 
layer it contacts, with no axially extending radial 
segmentation. The inner electrode 47, preferably 
the air electrode, is, however, in direct short-path 
electronic contact with electronically conductive in- 
terconnection rings, so that free electrons e~ can 
directly travel to adjacent inner electrodes on the 
same sub-assembly, as shown at point 70 in Fig. 4. 

Thus, the elongated electrochemical cell as- 
sembly comprises a plurality of long, annular cell 
sub-assemblies comprising a plurality of short, an- 
nular, self-supporting, cell elements, where each 
cell element comprises an inner annular electrode, 
an outer annular electrode, and annular, solid elec- 
trolyte disposed therebetween, with thin, annular, 
electronically conductive, interconnection members 
disposed between cell elements and bonded to 
contacting inner electrodes. 

In this assembly, the outer electrodes are elec- 
tronically segmented from each other on the same 
sub-assembly, but the inner electrodes are elec- 
tronically connected to each other on the same 
sub-assembly. The outer electrodes and inner elec- 
trodes never physically contact each other in the 
assembly. The sub-assembly is, then, a structure 
with . a single interior electronic, free electron path, 
with multiple outer electrode and interconnection 
member electronic contacts, having a single interior 
gas space. Generally, the air electrodes can be 
extruded and cut to size, or molded, to provide the 
desired electrode construction. They are made of a 
porous material, and are sintered at from 1350°C 
to 1650* C. The interconnections, likewise, can be 
extruded or molded to size and configuration. The 
. interconnections are of a dense material, and are 
sintered at from 1700° C to 1800° C. The air elec- 
trodes and interconnections are mated with appro- 
priate cement between them, as described pre- 
viously, and then are again sintered together at 
from about 1600° C to 1700° C under a load, to 
bond the two together. Electrolyte can then be 
deposited over the whole and sandblasted off the 
interconnection, or the metal coating can be ap- 
plied to the interconnection first, in which case the 
electrolyte will not attach to the nickel coating. The 
air electrode then can be applied and nickel wires 
attached for series and parallel connections. 

Oxidant injector feed tube 20 is shown in Fig. 4 
displaced a distance from the inside end of end 
cap 44, which is made of a ceramic material, such 
as stabilized zirconia alumina or magnesia, and is 
bonded to the end of the cell sub-assembly by a 
compatible, heat resistant cement 71 described 
later, or by sintering techniques. When the self- 



supporting cell assemblies of this invention are to 
be used as fuel cells, and when they are to be 
used in the high gas flow, dual preheater generator 
design of Fig. 2, instead of the standard generator 

5 design of Fig. 1, openings 43 can be drilled in or 
otherwise provided in the end caps 44. This open- 
ing 43 will be sized such that about half of the 
oxidant gas, P2, entering the feed tube 20 will pass 
through the opening 43, into preheating chamber 

10 15 beyond the end cap, and approximately half will 
reverse flow back in the annulus between the air 
electrode and the feed tube into preheating cham- 
ber 16, as also shown in Fig. 3. As mentioned 
previously, end cap 44 can be so porous as to 

75 accomplish the same result. 

Referring now to Fig. 5, two sub-assemblies, 
72 and 73, each containing a plurality of cell ele- 
ments 41, are shown joined by an annular sleeve 
member 74, used in place of an interconnection 

20 member between the subassemblies. The sleeving 
means can also serve as an inner support for 
oxidant injector feed tube 20. In the preferred 
sleeve design shown, the outer sleeve portion 75 is 
a dense ceramic material, such as dense stabilized 

25 zirconia. The outer sleeve is attached to electrolyte 
45, covering air electrode 47, by a compatible, heat 
resistant cement, shown as 76. This cement is 
similar to the cement 71 which can be used for the 
end cap, and can contain, for example, a fine and 

30 coarse mixture of zirconia particles, the fine par- 
ticles, 1 micron (10* 6 m) to 10 microns (10" 6 m) being 
sinter-active and the coarse particles, 10 microns 
to 100 microns (10* 6 m), acting as filler. Thus, air 
electrode underlying the outer sleeve portion 75 

35 retains a coating of dense solid electrolyte 45, so 
as to seal the abutting portions of air electrodes 47, 
but is bare of fuel electrode and is thus inactive. 
The inner sleeve portion 77 is a porous ceramic 
material, such as porous stabilized zirconia, also 

AO attached with a compatible, heat resistant cement 
similar to that just described, shown as 78. 

Thus, as shown in Fig. 5, dense sleeving ma- 
terial 75 overlies the air electrode joint 80 on the 
outside and is disposed next to electrolyte, and 

45 porous sleeving material 77 overlies the porous air 
electrode and air electrode joint 80 on the inside. 
This dense-porous sleeve construction is important, 
and helps to prevent air electrode degradation, at 
joint 80. The dense electrolyte on the outside of 

so the cell element, along with bonding cement. 76 
prevents any substantial fuel penetration to joint 80. 
Oxidant from inside the cell element can flow 
somewhat through porous inner sleeve 77 and ce- 
ment 78 to ensure that the air electrode at joint 80 

55 is kept in an oxidizing environment, to prevent 
gradual deterioration and cracking of the air elec- 
trode ends near the joint. The joining of the cell 
sub-assemblies 72 and 73 does not require ab- 
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solute gas tightness since the very close fit pro- 
vides a long, narrow diffusion path for fuel, and hot 
spots cannot form due to the very low leak rate. 

Fig. 6 shows the annular, closed wall construc- 
tion of the cell elements, and a cross-section of the 
sleeve design of Fig. 5 along line VI-VI, more 
clearly pointing out the preferred three member 
spider support arms means 79, which project from 
the inside surface of inner sleeve 77, to support 
oxidant injector tube 20, while still allowing oxidant 
flow about the injector tube through spaces 81 
between the spider support arms. For sake of clar- 
ity, the sleeve members 75 and 77 have been 
shown larger than actual cross-section. The pre- 
ferred number of spider support arms 79 is three, 
allowing good support and air flow, and ease of 
construction. The support extensions need not be 
the entire length of the sleeve 77 and could be 
made separately and glued to the inside of sleeve 
77. Use of these supports eliminates the possibility 
of the oxidant injector tubes contacting the inner 
portions of the cell elements, allowing better and 
more controllable oxidant flow and lessening break- 
age possibilities. 

Although the cell elements have been shown in 
their preferred, simple, circular cross-section, this 
should not be considered limiting. Other configura- 
tions, such as the corrugated design shown in Fig. 
7 can be used, with air electrode 47, solid elec- 
trolyte 45, and fuel electrode 49 shown. Such de- 
signs may be of particular interest to gain more 
active surface, if the volume of the generator must 
be minimized. 

Oxidant, P2, preferably air or oxygen, is fed by 
some means, such as a manifolding means, into 
the oxidant injector or feed tubes 20, as shown for' 
example in Figs. 2 and 3. Fuel, such as hydrogen 
and carbon monoxide, shown as PI in Fig. 1, is 
also fed by some means, such as a manifolding 
means, into fuel injector or feed tubes 90. The fuel 
injector tubes 90, shown best in Fig. 3, are similar 
in many respects to the oxidant injector tubes 20. 
The fuel injector tubes can have an open end 
design, or a closed end design, where the walls are 
either very porous ceramic, or small holes are 
drilled or otherwise formed through the fuel injector 
tube wall. 

In some instances, it might be desirable to 
have a fuel reforming means integral with the gen- 
erator, to in-situ reform natural gas, various hy- 
drocarbons, such as methane, or alcohols, and the 
like, allowing their direct feed, usually along with 
steam. If it is desired to in-situ reform a raw fuel 
gas feed, the inside 93 of fuel injector tubes 90 can 
be lined, coated, or impregnated or otherwise con- 
tain a raw fuel reforming catalyst such as, for 
example, nickel. Heat loss from the in-situ en- 
dothermic reforming reaction can be covered by 



heat exchange through cell sub-assembly, heat ra- 
diation onto the fuel injector tubes near the fuel 
input end of the generator chamber. As can be 
seen from Fig. 3, support of the fuel injector tubes 
5 ' 90 can be easily accomplished by tube sheet 33 
and porous barrier 31 . 

Each cell element can generate an open cell 
voltage as high about as 1 volt, and a plurality are 
electrically connected, preferably in a series-par- 
10 allel, close packed rectangular array. For descrip- 
tive purposes, and referring to Fig. 2, the arrange- 
ment can be described as including rows 50 and 
columns 52. Each cell element is electronically 
connected to the next adjacent cell element, prefer- 
75 ably through conductive assembly connectors 59, 
best shown in Figs. 3, 8 and 9. Generally, for the 
preferred configuration shown in Fig. 2, where fuel 
flows about each cell and an oxidant, such as air, 
flows within each cell, the anode is the outer pe- 
so riphery of each cell and the cathode is on the 
inside. 

Specifically referring to Fig. 8, going up the 
rows in column 52, the fuel electrode anode 49 of 
row 50' is contacted about its circumference, as at 

25 point 95, and is electronically connected to the 
interconnection ring member 51 of the staggered 
cell sub-assembly in row 50", as at point 96, by 
conductive assembly connector 59, such as the 
wire shown. This provides series connections be- 

30 tween cell elements of adjacent staggered cell sub- 
assemblies. 

In the parallel connection path, shown in Fig. 9, 
outer fuel electrodes and interconnections of adja- 
cent cells, along a row 50 are not staggered but 

35 are similarly aligned, and are electronically con- 
nected, interconnection or interconnection and out- 
er fuel electrode to outer fuel electrode. Thus, 
specifically referring to Fig. 9A and Fig. 9B f where 
series connections are not shown for the sake of 

40 clarity, and where the cross-section is taken along 
different assembly lengths, i.e., the cross-section of 
row 50' is taken along line IXB-IXB of Fig. 4 
through the interconnection ring 51 , and the cross- 
section of row 50" is taken along tine IXA-IXA of 

45 Fig. 4 through the inner and outer electrode and 
electrolyte. As can be seen, referring to row 50' of 
Fig. 9B, the conductive assembly connectors 59 
contact the interconnection ring members 51 of 
adjacent sub-assemblies, optional metal coating 61 

so of Fig. 4 not being shown. In row 50" of Fig. 9A, the 
conductive assembly connectors 59 contact the 
outer fuel electrode 49 of adjacent subassemblies. 
Referring now to Fig. 2 of the drawings, the stag- 
gered cell assembly can be seen going down col- 

55 umn 52'" also shown in Fig. 3, but a non-staggered 
relationship exists between assemblies along row 
50"". 

With the configuration described and shown in 



8 



15 



EP 0 264 688 B1 



16 



Figs. 2 and 3, cetls in the first row 50' generate, for 
example, approximately 1 volt unloaded, in the 
second row 50" voltages add up to approximately 2 
volts, in the third row 50'" at approximately 3 voits, 
and so fourth. Hundreds of cells can be so con- 
nected electronically in series to achieve the de- 
sired voltage. The direct current electrical energy 
thus generated is collected by current collectors, 
preferably conductive metal plates with felt pads. 
Positive current collector 56, shown in Fig. 3, is 
positioned in electronic contact with each cell as- 
sembly interconnection member in the first row 50', 
and a second collector, negative current collector 
56', is positioned in electronic contact with each 
cell assembly outer electrode in the last row. Elec- 
trical leads 58 are accordingly provided to the 
current collectors, as best shown in Fig. 3. 

The fuel injector tubes 90, and the air injector 
tubes 20 are preferably loosely supported at one 
end in the respective tube sheets 33 and 34 as 
shown best in Fig. 3. The tube sheets 33 and 34 
are preferably stainless steel, with flow restricting 
adaptors that fit about the tubes 20 and 90. The 
tubes 20 are preferably comprised of alumina, and 
the tube sheets are covered with an insulation 62 
such as iow density alumina. A small leakage of 
oxidant and fuel, as indicated by arrows 63, is 
acceptable. The air injector tubes 20 extend from 
the tube sheet 34 into the open end 42 of the fuel 
cell assemblies 40, a single tube 20 corresponding 
to a single fuel cell assembly. The porous barriers 
31 and 32, which allow a throughput of depleted 
fuel and air, are preferably a porous ceramic baffle, 
such as one comprised of fibrous alumina felt, or 
ceramic plate segments with porous inserts such 
as ceramic wool plugs, surrounding each fuel cell 
assembly 40. As mentioned previously, barrier 32 
may be tighter than barrier 31 to insure adequate 
depleted fuel flow into the preheating chamber 15. 

During operation, an oxidant such as air, P2, 
enters the inlet chamber 18 through inlet port 26. 
The chamber 18 can function as an inlet manifold 
for the individual air injector tubes 20. Air enters 
the injector tube conduits at a temperature of ap- 
proximately 500* C to 700° C, and a pressure 
above atmospheric, usually being initially heated 
prior to entering the housing by conventional 
means such as a heat exchanger coupled with a 
blower. The air flows within the air injector tubes 
through the preheating chamber 16, where it is 
further heated to a temperature of approximately 
900* C. The air then flows through the length of the 
air injector tube, being further heated to approxi- 
mately 1000* C, and is discharged into the fuel cell 
assembly 40. 

The oxygen from the air within the fuel cell 
assembly electrochemically reacts at the fuel cell 
cathode along the active length, depleting some- 



what in oxygen content as it approaches the open 
ends 42 and 43 of the cell assembly. The oxygen- 
depleted air is then discharged into the combustion 
product or preheating chambers 15 and 16. A fuel, 
5 such as hydrogen or a mixture of carbon monoxide 
with hydrogen, generally flows from a supply and if 
necessary, a preheating source into fuel inlet 
chamber 17 and then into fuel injector tubes 90 to 
flow into the generating chamber 14. The fuel flows 
70 over and about the exterior of the fuel cells, elec- 
trochemically reacting at the fuel electrode anode. 
The depleted fuel, containing approximately five 
percent to fifteen percent or more of its initial fuel 
content, diffuses through the barriers 31 and 32 
75 and into the preheating chambers 15 and 16. 

The combustion products, including oxygen 
depleted air and fuel, along with any air or fuel 
leaking into the preheating chambers 15 and 16 
through the tube sheets 33 and 34, directly react 
20 exothermically. The heat of this reaction, which 
completely combusts the fuel, along with the sensi- 
ble heat of the depleted fuel and air, are utilized to 
preheat the incoming air and fuel. The combustion 
products are discharged through combustion prod- 
25 uct outlet ports 27 and 28 at a temperature of 
approximately 900 "C or lower. These outlet ports 
can be located in the combustion product cham- 
bers 15 and 16 or the exhaust gases can be 
manifolded by appropriate means to flow out 
30 through the end walls of the generator 30 and 36, 
parallel to inlet flow. The remaining energy in the 
exhausted combustion products can be utilized to 
preheat the incoming air or fuel through, for exam- 
ple, an additional external heat exchanger or to 
35 generate steam in conventional generating appara- 
tus. 

Materials that can be used for the self-support- 
ing, gas porous, inner air electrode are doped and 
undoped oxides or mixtures of oxides in the per- 

40 voskite family such as LaMn0 3) LaNi0 3 , LaCo03, 
LaCr0 3 , and other electronically conducting mixed 
oxides generally composed of rare earth oxides 
mixed with oxides of cobalt, nickel, copper, iron, 
chromium, and manganese, and combinations of 

45 such oxides. The electrolyte is usually a layer of 
gas-tight, solid oxide material preferably, yttria sta- 
bilized zirconia approximately 10 microns(/rm) to 50 
microns(^m) thick. The electrolyte can be depos- 
ited on the air electrode by well known techniques. 

50 The outer fuel electrode must be gas porous, and 
is preferably a nickel-zirconia cermet or cobalt- 
zirconia cermet material. It is usually about 10 
microns(^m) to about 150 microns(^m) thick. The 
interconnection ring member must be electrically 

55 conductive in both an oxidant and fuel environment, 
and is preferably an oxide doped lanthanum chro- 
mite. These materials are well known and further 
described in U.S. Patent Specification (Mo. 
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4,490,444. The metal plating on the interconnection 
ring outer surface can be nickel or cobalt and the 
preferred conductive assembly connectors are 
nickel wire, tape or felt. 

As mentioned previously, the electrochemical 
celt assemblies of this invention, having a closed 
fuel cell structure and containing a plurality of 
short, annular, self-supporting, large diameter cell 
elements, can be used in the prior generator de- 
sign containing a single generator chamber and a 
single preheating chamber, and modified, larger 
oxidant and fuel flow means. This will still provide 
outstanding cost savings in cell manufacture and 
generator assembly and through the reduction of 
the number of cell tubes. The electrochemical cell 
assemblies of this invention can also be used as 
electrolysis cells for steam and carbon dioxide, in 
which case the seal-less generator concept is 
abandoned and, preferably, cell assemblies of the 
closed-one-end type are used, i.e., the end cap 44 
shown in Fig. 4 is closed. Also the open end 
inactive part of the electrolysis cell would prefer- 
ably be extended into the cooler region in order to 
affect positive seals of the reactants and reaction 
products. 

Generators in accordance with the seal-less 
arrangements described herein are self-starting, 
since fuel is essentially combusted to provide hot, 
oxidant-rich gases for the cathode. Additionally, 
preheated fuel provides the gas for the anode. 
Also, lean fuel is directly combusted with oxidant in 
the combustion product chamber to further preheat 
the oxidant until a load is applied to the cells, at, 
for example, an active cell temperature of 700° C. 
Ohmic heating (l 2 R) in addition to the heat of the 
electrochemical reaction (polarization and entropic 
heat), will bring the generator up to its median 
operating temperature of between 800* C and 
1100° C in the active generator area. 

Claims 

1. An axially elongated, annular, fuel cell assem- 
bly, comprising a plurality of cell elements 
each comprising a self-supporting, annular, 
electronically conductive, porous, inner air 
electrode; solid oxide electrolyte contacting 
and surrounding said inner air electrode; and 
an electronically conductive, porous, outer fuel 
electrode contacting and surrounding said 
electrolyte; with an annular, electronically con- 
ductive, interconnection member disposed be- 
tween and bonded to the cell elements, the 
inner air electrodes of the cell elements on the 
same cell assembly being electronically con- 
nected through the interconnection member, 
while the outer electrodes of the cell elements 
on the same cell assembly are physically and 



electronically segregated from each other and 
from the inner electrodes on the same cell 
assembly. 

5 2. A fuel cell assembly according to claim 1, 
characterized in that the outer surface of the 
annular interconnection . members are partly 
covered with electrolyte. 

10 3. A fuel cell assembly according to claim 1 or 2, 
characterized in that the air electrode is doped 
and undoped oxides or mixtures of oxides in 
the pervoskite family, such as LaMnOa, 
LaNiOa, LaCoOa, LaCr0 3 , or mixtures thereof, 

is the fuel electrode is nickel zirconia cermet or 

cobalt zirconia cermet, the electrolyte com- 
prises solid yttria stabilized zirconia, and the 
interconnection member is an oxide doped lan- 
thanum chromite. 

20 

4. An assembly comprising two fuel cell assem- 
blies of claim 1 , 2, or 3, joined together by an 
annular sleeving means, where the sleeving 
means joins cell elements containing only 

25 electrolyte portions and inner electrode por- 

tions, said sleeving means comprising a dense 
outer gas impermeable portion disposed next 
to the electrolyte and a porous inner portion 
disposed next to the porous inner electrode. 

30 

5. An assembly, comprising a plurality of the fuel 
cell assemblies of claim 1, 2 or 3 disposed 
parallel to each other, where the outside sur- 
faces of the annular interconnection members 

35 of each fuel cell assembly are electronically 

connected to the outer fuel electrode surfaces 
of parallel cell assemblies. 

6. An assembly according to claim 5, character- 
40 ized in that said assembly is in a housing 

where hot oxidant gas is flowed into the inside 
of the air electrodes to contact the air elec- 
trodes, and hot fuel gas is flowed about the 
outside of the fuel electrodes to contact the 
45 fuel electrodes. 

7. A fuel cell configuration of axially elongated, 
annular electrochemical cells, said configura- 
tion comprising one central (with respect to the 

so configuration), axially elongated, electrochemi- 

cal cell assembly, and a plurality of parallel, 
axially elongated, electrochemical cell assem- 
blies surrounding said central assembly, said 
electrochemical cell assemblies having a plu- 

55 rality of cell elements, the cell elements com- 

prising a self-supporting annular, electronically 
conductive, porous, inner air electrode, an an- 
nular, gas-impermeable, solid oxide electron- 
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ically insulating electrolyte contacting and sur- 
rounding said air electrode; and an annular, 
electronically conductive, porous, outer fuel 
electrode contacting and surrounding said 
electrolyte; with an annular, electronically con- s 
ductive, interconnection member disposed be- 
tween the cell elements, wherein the inner air 
electrodes of the cell elements on the same 
cell assembly are electronically connected 
through the interconnection member, and the w 
outer electrodes of the cell elements on the 
same cell assembly are physically and elec- 
tronically segmented from each other and from 
the inner electrodes on the same cell assem- 
bly, where the outside surfaces of the annular 75 
interconnection members of the central elec- 
trochemical cell assembly are connected in 
series to adjacent electrochemical cell assem- 
blies, such that said outside surfaces of the 
inter-connection members are electronically 20 
connected to the outer fuel electrode surfaces 
of parallel electrochemical cell assemblies. 

A configuration according to claim 7, char- 
acterized in that the central electrochemical 25 
cell assembly is also connected in to parallel 
electrochemical cell assemblies, such that the 
outside surfaces of the interconnection mem- 
bers of the central electrochemical cell assem- 
bly are. electronically connected to the outside 30 
surfaces of the interconnection members of 
parallel electrochemical assemblies, and the 
outside fuel electrode surfaces of the central 
electrochemical cell assembly are electron- 
ically connected to the outside fuel electrode 35 
surfaces of parallel electrochemical cell as- 
semblies. 

An electrochemical cell generator, comprising: 

(A) a housing means defining a plurality of 40 
chambers including a generator chamber 

and a combustion product chamber; 

(B) a porous barrier separating said gener- 
ator and combustion product chamber; 

(C) a plurality of axially elongated, elec- 45 
trochemical cell assemblies disposed within 
said generator chamber, said electrochemi- 
cal cell assemblies each comprising a plu- 
rality of cell elements, the ceil elements 
comprising an annular electronically con- 50 
ductive, porous, inner electrode; solid elec- 
trolyte contacting and surrounding said first 
electrode; and an electronically conductive, 
porous outer electrode contacting and sur- 
rounding said electrolyte; with annular, elec- 55 
tronically conductive, interconnection mem- 
bers disposed between the cell elements, 
wherein the inner electrodes of the cell ele- 



ments on the same cell assembly are elec- 
tronically connected through the intercon- 
nection member, and the outer electrodes 
of the cell elements on the same cell as- 
sembly are physically and electronically 
segmented from each other and from the 
inner electrodes on the same cell assembly, 
to provide a plurality of segmented elec- 
trochemical lengths; 

(D) means for flowing a first gaseous reac- 
tant through said annular fuel cells and 
through said porous barrier into said com- 
bustion product chamber; 

(E) means for flowing a second gaseous 
reactant into said generator chamber, about 
said fuel cells, and through said porous 
barrier into said combustion product cham- 
ber; 

(F) means for segregating said first and 
second gaseous reactants from direct con- 
tact with one another prior to entry of each 
into said combustion product chamber; and 

(G) means to exhaust the first and second 
reactants from the combustion product 
chamber. 

10. A generator according to claim 9, character- 
ized in that each electrochemical cell assembly 
comprises at least two parts, each part joined 
together by an annular sleeving means, where 
the sleeving means joins cell elements contain- 
ing only electrolyte portions and inner elec- 
trode portions, said sleeving means comprising 
a dense outer portion disposed next to the 
electrolyte and a porous inner portion disposed 
next to the porous inner electrode, where the 
inner electrode is an air electrode, the outer 
electrode is a fuel electrode, the electrolyte is 
a gas impermeable solid oxide material, and 
the interconnection is an oxide-doped lan- 
thanum chromite. 

11. A generator according to claim 9 or 10, char- 
acterized in that the inner electrode is self- 
supporting and the outer surface of the annular 
interconnection members are partly covered 
with electrolyte. 

12. A generator according to claim 9, 10, or 11, 
characterized in that the outside surfaces of 
the annular interconnection members of each 
electrochemical cell assembly are connected 
in series to an adjacent electrochemical cell 
assembly, such that said outside surfaces of 
the interconnection members are electronically 
connected to the outer fuel electrode Surfaces 
of an adjacent electrochemical cell assembly. 
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13. A generator according to any of claims 9 to 12, 
characterized in that the generator chamber is 
disposed between two combustion product 
chambers with a porous barrier separating 
each combustion product chamber from the 
generator chamber, where the first gaseous 
reactant and the second gaseous reactant can 
flow into both combustion product chambers. 

14. A generator according to claim 13, character- 
ized in that the first gaseous reactant is fed 
into electrochemical cell assemblies having 
each end open to a combustion product cham- 
ber. 

15. A generator according to claim 14, character- 
ized in that each electrochemical cell assembly 
has a gas injector tube extending into the cell 
assembly to discharge the first gaseous reac- 
tant within the electrochemical cell and has a 
means for flowing the first gaseous reactant 
into each gas injector tube, and where a plural- 
ity of gas injector tubes are disposed outside 
of and among the electrochemical cell assem- 
blies in the generator chamber and have a 
means for flowing the second gaseous reactant 
into the generator chamber, where the open- 
ings in the electrochemical cell assemblies and 
the porosities of the porous barriers separating 
each combustion product chamber from the 
generator chamber allow approximately equal 
flow of both gaseous reactants into both com- 
bustion product chambers. 

16. An electrochemical cell generator, comprising: 

(A) a housing means defining a plurality of 
chambers including two combustion product 
chambers with a generator chamber. dis- 
posed between them; 

(B) porous barriers separating said gener- 
ator chamber from the two combustion 
product chambers; 

(C) a plurality of axially elongated, annular, 
electrochemical cell assemblies according 
to claim 1 being disposed within the said 
generator chamber; 

(D) means for flowing a first gaseous reac- 
tant through said annular electrochemical 
cell assemblies and through said porous 
barriers into both of said combustion prod- 
uct chambers; 

(E) means for flowing a second gaseous 
reactant into said generator chamber, about 
said electrochemical cell assemblies, and 
through said porous barriers into both of 
said combustion product chambers; 

(F) means for segregating said first and 
second gaseous reactants from direct con- 



tact with one another prior to entry of each 
into said combustion product chambers; 
and 

(G) means to exhaust the first and second 
5 reactants from the combustion product 

chambers. 

17. A generator according to claim 16, character- 
ized in that the electrochemical cell assemblies 

10 each comprise a plurality of cell elements, the 

cell elements comprising an annular, electron- 
ically conductive, porous, inner electrode; solid 
electrolyte contacting and surrounding said 
first electrode; and an electronically conduc- 
es tive, porous, outer electrode contacting and 
surrounding said electrolyte; with annular, elec- 
tronically conductive, interconnection members 
disposed between ceil elements, and in that 
the inner electrodes of the cell elements on the 
20 same cell assembly are electronically connect- 
ed through the interconnection member, and 
the outer electrodes of the cell elements on 
the same cell assembly are physically and 
electronically segmented from each other and 
25 from the inner electrodes on the same cell 
assembly, to provide a plurality of segmented 
electrochemical lengths. 

18. A generator according to claim 17, character- 
30 ized in that each electrochemical cell assembly 

comprises at least two parts, each part joined 
together by an annular sleeving means, where 
the sleeving means joins cell elements contain- 
ing only electrolyte portions and inner elec- 

35 trode portions, said sleeving means comprising 

a dense outer portion disposed next to the 
electrolyte and a porous inner portion disposed 
next to the porous inner electrode, where the 
inner electrode is an air electrode, the outer 

40 electrode is a fuel electrode, the electrolyte is 

a gas impermeable solid oxide material and 
the interconnection is an oxide doped lan- 
thanum chromite. 

45 19. A generator according to claim 17 or 18, char- 
acterized in that the inner electrode is self- 
supporting and the outer surface of the annular 
interconnection members are partly covered 
with electrolyte. 

50 

20. A generator according to claim 17, 18, or 19, 
characterized in that the first gaseous reactant 
is fed into electrochemical cell assemblies hav- 
ing each end open to a combustion product 

55 chamber. 

21. A generator according to claim 20, character- 
ized in that each electrochemical cell assembly 
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has a gas injector tube extending into the ceil 
assembly to discharge the first gaseous reac- 
tant within the electrochemical cell and has a 
means for flowing the first gaseous reactant 
into each gas injector tube, and in that a plural- 
ity of gas injector tubes are disposed outside 
of and among the electrochemical cell assem- 
blies in the generator chamber and have a 
means for flowing the second gaseous reactant 
into the generator chamber, where the open- 
ings in the electrochemical cell assemblies and 
the porosities of the porous barriers separating 
each combustion product chamber from the 
. generator chamber allow approximately equal 
flow of both gaseous reactants into both com- 
bustion product chambers. 

22. A solid electrolyte fuel cell generator according 
to Claim 16 in which comprising: 

said electrochemical cell assemblies each 
comprise a plurality of cell elements, the cell 
elements comprising an annular, electronically 
conductive, porous, inner electrode; solid elec- 
trolyte contacts and surrounds said first elec- 
trode; and an electronically conductive, porous 
outer electrode contacts and completely sur- 
rounds said electrolyte; with annular, electron- 
ically -• conductive, interconnection members 
disposed between the cell elements, electron- 
ically connecting the inner electrodes of the 
cell elements to the inner electrode of adjacent 
cell elements on the same cell assembly, and 
the outer electrodes of the cell elements are 
physically and electronically segmented from 
the outer electrodes of adjacent cell elements 
on the same cell assembly and from the inner 
electrodes of adjacent cell elements on the 
same cell assembly, to provide a plurality of 
segmented electrochemical lengths. 

23. A generator according to claim 22, character- 
ized in that each electrochemical cell assembly 
comprises at least two parts, each part joined 
together by an annular sleeving means, where 
the sleeving means joins cell elements contain- 
ing only electrolyte portions and inner elec- 
trode portions, said sleeving means comprising 
a dense outer portion disposed next to the 
electrolyte and a porous inner portion disposed 
next to the porous inner electrode, where the 
inner electrode is an air electrode, the outer 
electrode is a fuel electrode, the electrolyte is 
a gas impermeable solid oxide material and 
the interconnection is an oxide doped lan- 
thanum chromite. 

24. A generator according to claim 22 or 23, char- 
acterized in that the inner electrode is self- 



supporting and the outer surface of the annular 
interconnection members are partly covered 
with electrolyte. 

s 25. A generator according to claims 22, 23 or 24, 
characterized in that the first gaseous reactant 
is fed into electrochemical cell assemblies hav- 
ing each end open to a combustion product 
chamber. 

70 

26. A generator according to claims 22 to 25, 
characterized in that the outside surfaces of 
the annular interconnection members of each 
electrochemical cell assembly are connected 

75 in series to an adjacent electrochemical cell 

assembly, such that said outside surfaces of 
the interconnection members are electronically 
connected to the outer fuel electrode surfaces 
of an adjacent electrochemical cell assembly. 

20 

27. A generator according to claim 26, character- 
ized in that each electrochemical cell assembly 
is also connected in parallel to adjacent elec- 
trochemical cell assemblies, such that the out- 

25 side surfaces of the annular interconnection 

members of the electrochemical cell assem- 
blies are electronically connected to the out- 
side surfaces of the annular interconnection 
members of adjacent electrochemical assem- 

30 blies, and the outside fuel electrode surfaces 

of the electrochemical cell assemblies are 
electronically connected to the outside fuel 
electrode surfaces of adjacent electrochemical 
cell assemblies. 

35 

28. A generator according to any of claims 22 to 
27, characterized in that each electrochemical 
cell assembly has a gas injector tube extend- 
ing into the cell assembly to discharge the first 

40 gaseous reactant within the electrochemical 

cell and has a means for flowing the first 
gaseous reactant into each gas injector tube, 
and in that a plurality of gas injector tubes are 
disposed outside of and among the electro- 
ns chemical cell assemblies in the generator 
chamber and have a means for flowing the 
second gaseous reactant into the generator 
chamber, the openings in the electrochemical 
cell assemblies and the porosities of the po- 
50 rous barriers separating each combustion 
product chamber from the generator chamber 
allowing approximately equal flow of both gas- 
eous reactants into both combustion product 
chambers. 

55 

29. A generator according to claim 28, character- 
ized in that the inner electrode is an air elec- 
trode, the outer electrode is a fuel electrode, 
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the first gaseous reactant is an oxidant, and 
the second gaseous reactant is a fuel, and 
where the gas injector tubes disposed outside 
of the electrochemical cell assemblies have an 
inner coating of a fuel reforming catalyst. 

30. A generator according to claim 28 or 29, char- 
acterized in that the gas injector tube extend- 
ing into the cell assembly is supported within 
the assembly by the inner portion of the sleev- 
ing means. 

Revendications 

1- Agencement de piles a combustible, annulaire 
et allonge axialement, comprenant: une plurali- 
te de piles elementaires, chacune comprenant 
une electrode interieure a air, poreuse, electro- 
niquement conductrice, annulaire et autopor- 
tante; un electrolyte constitue d'oxyde solide 
en contact avec ladite electrode interieure a air 
et entourant cette derniere; et une electrode a 
combustible exterieure, poreuse et electroni- 
quement conductrice. en' contact avec fedit 
electrolyte et entourant ce dernier; un element 
d'interconnexion, electroniquement conducteur 
et annulaire etant dispose entre les piles ele- 
mentaires et lie a ces dernieres, les electrodes 
interieures a air des piles elementaires du 
meme agencement de piles etant connectees 
electroniquement par Tintermediaire de I'ele- 
ment d'interconnexion, tandis que les electro- 
des exterieures des piles elementaires du 
meme agencement de piles sont separees 
physiquement et electroniquement les unes 
des autres et des electrodes interieures du 
meme agencement de piles. 

2. Agencement de piles a combustible selon la 
revendication 1, caracterise par le fait que la 
surface exterieure des elements d'intercon- 
nexion annulaires est partiellement recouverte 
d'electrolyte. 

3. Agencement de piles a combustible selon les 
revendications 1 ou 2, caracterise par le fait 
que I'electrode a air est constitute d'oxydes 
dopes et non dopes ou de melanges d'oxydes 
de la famille des lanthanides, tels que 
LaMn03, LaNi0 3 , LaCoOa, LaCr0 3 . ou des me- 
langes de ces derniers, que ('electrode com- 
bustible est un cermet de nickel-zircone ou un 
cermet de cobalt-zircone, que ('electrolyte 
comprend de la zircone solide stabilisee par 
de I'oxyde d'yttrium, et que I'element d'inter- 
connexion est une chromite de lanthane dopee 
par un oxyde. 



4. Agencement comprenant deux agencements 
de piles a combustible selon les revendica- 
tions 1, 2 ou 3, relies ensemble au.moyen d'un 
manchon annulaire, dans iequel le manchon 

5 relie des piles elementaires contenant seule- 

ment des parties electrolyte et des parties 
electrodes interieures, ledit manchon compre- 
nant une partie exterieure, dense et impermea- 
ble aux gaz, cdntigue a ('electrolyte, et une 

w partie interieure poreuse contigue a ('electrode 

interieure poreuse. 

5. Agencement comprenant une pluralite de piles 
a combustible selon les revendications 1, 2 ou 

'5 3, disposes parallelement les uns aux autres, 

dans Iequel les surfaces exterieures des ele- 
ments annulaires d'interconnexion de chaque 
agencement de piles a combustible sont 
connectees electroniquement aux surfaces des 

20 electrodes exterieures a combustible des 

agencements paralleles de piles. 

6. Agencement selon la revendication 5, caracte- 
rise par le fait que ledit agencement est dans 

25 un boitier ou un gaz chaud et oxydant est 

introduit a ('interieur des electrodes a air pour 
entrer en contact avec les electrodes a air, et 
un gaz chaud et combustible est introduit au- 
tour de I'exterieur des electrodes a combusti- 

30 ble pour entrer en contact avec les electrodes 

a combustible. 

7. Configuration, formant pile a combustible, de 
piles electrochimiques annulaires et axialement 

35 allongees, ladite configuration comprenant un 

agencement central (par rapport a la configura- 
tion) de piles electrochimiques axialement al- 
longees, et une pluralite d'agencements de 
piles electrochimiques axialement allongees et 

40 paralleles entourant ledit agencement central, 

lesdits agencements de piles electrochimiques 
comportant une pluralite de piles elementaires, 
les piles elementaires comprenant: une elec- 
trode interieure a air, poreuse, electronique- 

45 ment conductrice, annulaire et autoportante, un 

electrolyte electroniquement isolant, constitue 
d'un oxyde solide, impermeable aux gaz et 
annulaire, en contact avec ladite electrode a 
air et entourant cette derniere; et une electrode 

so a combustible exterieure, poreuse, electroni- 

quement conductrice et annulaire en contact 
avec ledit electrolyte et entourant ce dernier; 
un element d'interconnexion, electroniquement 
conducteur et annulaire etant dispose entre les 

55 piles elementaires, les electrodes interieures a 

air des piles elementaires du meme agence- 
ment de piles etant connectees electronique- 
ment par Pintermediaire de I'element d'inter- 
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connexion, et les electrodes exterieures des 
piles elementaires du meme agencement de 
piles etant separees physiquernent et electro- 
niquernent les unes des autres et des electro- 
des interieures du meme agencement de piles, 5 
les surfaces exterieures des elements annulai- 
res d'interconnexion de I'agencement central 
de piles electrochimiques etant connectees en 
serie aux agencements . adjacents de piles 
electrochimiques, de telle sorte que lesdites w 
surfaces exterieures des elements d'intercon- 
nexion soient connectees electroniquement 
aux surfaces exterieures des electrodes a 
combustible des agencements paralleles de 
piles electrochimiques. is 

8. Configuration selon la revendication 7, caracte- 
risee par le fait que I'agencement central de 
piles electrochimiques est egalement connecte 

a des agencements paralleles de piles electro- 20 
chimiques, de telle sorte que les surfaces ex- 
terieures des elements d'interconnexion de 
I'agencement central de piles electrochimiques 
soient connectees electroniquement aux surfa- 
ces exterieures des elements d'interconnexion 25 
des agencements paralleles electrochimiques 
. et que les surfaces exterieures des electrodes 
a combustible de I'agencement central de pi- 
les electrochimiques soient connectees elec- 
troniquement aux surfaces exterieures des 30 
electrodes a combustible des agencements 
paralleles de piles electrochimiques. 

9. Generateur a piles electrochimiques compre- 
nant: 35 

- (A) un boltier definissant une pluralite de 
chambres, comprenant une chambre de 
generateur et une chambre de produits 
de combustion; 

- (B) une barriere poreuse separant lesdi- 40 
tes chambres de generateur et de pro- 
duits de combustion; 

- (C) une pluralite d'agencements de piles 
electrochimiques allongees axialement, 
disposes a 1'interieur de ladite chambre 45 
de generateur, lesdits agencements de 
piles electrochimiques comprenant cha- 

cun une pluralite de piles elementaires, 
les piles elementaires comprenant: une 
electrode interieure poreuse, electroni- so 
quement conductrice et annulaire; un 
electrolyte solide en contact avec ladite 
premiere electrode et entourant celle-ci; 
et une electrode exterieure poreuse elec- 
troniquement conductrice en contact 55 
avec ledit electrolyte et entourant ce der- 
nier; des elements d'interconnexion elec- 
troniquement conducteurs et annulaires 



etant disposes entre les piles elementai- 
res, les electrodes interieures des piles 
elementaires du meme agencement de 
piles etant connectees electroniquement 
par i'intermediaire de I'element d'inter- 
connexion, et les electrodes exterieures 
des piles elementaires du meme agence- 
ment de piles etant physiquernent et 
electroniquement separees les unes des 
autres et des electrodes interieures du 
meme agencement de piles, afin de four- 
nir une pluralite de trongons electrochi- 
miques segmentes; 

- (D) des moyens pour ecouler un premier 
reactif gazeux a travers lesdites piles a 
combustible annulaires et a travers ladite 
barriere poreuse et I'introduire dans ladi- 
te chambre de produits de combustion; 

- (E) des moyens pour ecouler un second 
reactif gazeux dans ladite chambre de 
generateur, autour desdites piles a com- 
bustible, et a travers ladite barriere po- 
reuse et 1'introduire dans ladite chambre 
de produits de combustion; 

- (F) des moyens pour separer lesdits pre- 
mier et second reactifs gazeux d'un 
contact direct Tun avec I'autre avant ('in- 
troduction de chacun d'eux dans ladite 
chambre de produits de combustion; et 

- (G) des moyens pour evacuer les pre- 
mier et second reactifs de la chambre de 
produits de combustion. 

10. Generateur selon la revendication 9, caracteri- 
se par le fait que chaque agencement de piles 
electrochimiques comprend au moins deux 
parties, chaque partie etant reliee a I'autre par 
un manchon annulaire, et dans lequel le man- 
chon relie les piles elementaires contenant 
seulement des parties electrolyte et des par- 
ties electrodes interieures, ledit manchon com- 
prenant une partie exterieure dense contigue a 
I'electrolyte, et une partie interieure poreuse 
contigue a I'electrode interieure poreuse, et 
dans lequel ('electrode interieure est une elec- 
trode a air, I'electrode exterieure est une elec- 
trode a combustible, I'electrolyte est un mate- 
riau constitue d'un oxyde solide impermeable 
aux gaz, et Interconnexion est une chrornite 
de lanthane dopee par un oxyde. 

11. Generateur selon les revindications 9 ou 10, 
caracterise par le fait que I'electrode interieure 
est autoportante, et que la surface exterieure 
des elements annulaires d'interconnexion est 
partiellement recouverte d'electroiyte. 

12. Generateur selon les revendications 9, 10 ou 
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11, caracterise par le fait que les surfaces 
exterieures des elements annulaires (^intercon- 
nexion de chaque agencement de piles elec- 
trochimiques sont connectees en serie a un 
agencement adjacent de piles electrochimi- 
ques, de telle sorte que lesdites surfaces exte- 
rieures des elements d'interconnexion soient 
connectees electroniquement aux surfaces des 
electrodes exterieures a combustible d'un 
agencement adjacent de piles electrochimi- 
ques. 

13. Generateur selon Tune quelconque des reven- 
dications 9 a 12, caracterise par le fait que la 
chambre de generateur est disposee entre 
deux chambres de produits de combustion, 
une barriere poreuse separant chaque cham- 
bre de produits de combustion de la chambre 
de generateur, et le premier reactif gazeux et 
le second reactif gazeux pouvant s'ecouler 
dans les deux chambres de produits de com- 
bustion. 

14. Generateur selon la revendication 13, caracteri- 
se par le fait que le premier reactif gazeux est 
introduit dans des agencements de piles elec- 
trochimiques ayant chacun une extremite ou- 
verte vers une chambre de produits de com- 
bustion. 

15. Generateur selon la revendication 14, caracteri- 
se par le fait que chaque agencement de piles 
electrochimiques comporte un tube d'injection 
de gaz s'etendant dans Pagencement de piles, 
pour decharger le premier reactif gazeux dans 
la cellule electrochimique, et un moyen pour 
introduire le premier reactif gazeux dans cha- 
que tube d'injection de gaz, une pluralite de 
tubes d'injection de gaz etant disposes a I'ex- 
terieur des agencements de piles electrochimi- 
ques et parmi ceux-ci dans la chambre de 
generateur et comportant un moyen pour intro- 
duire le second reactif gazeux dans la cham- 
bre de generateur, les ouvertures dans les 
agencements de piles electrochimiques et les 
porosites des barrieres poreuses separant cha- 
que chambre de produits de combustion de la 
chambre de generateur permettant approxima- 
tivement un ecoulement egal des deux reactifs 
gazeux dans les deux chambres de produits 
de combustion. 

16. Generateur a piles electrochimiques compre- 
nant: 

- (A) un boitier definissant une pluralite de 
chambres comprenant deux chambres 
de produits de combustion avec une 
chambre de generateur disposee entre 



elles; 

- (B) des barrieres poreuses separant ladi- 
te chambre de generateur des deux 
chambres de produits de combustion; 

s - (C) une pluralite d'agencements de piles 

electrochimiques annulaires et allongees 
axialement, disposes a Pinterieur de ladi- 
te chambre de generateur; 

- (D) des moyens pour ecouler un premier 
10 reactif gazeux a travers lesdits agence- 
ments annulaires de piles electrochimi- 
ques et a travers lesdites barrieres po- 
reuses dans chacune desdites chambres 
de produits de combustion; 

75 - (E) des moyens pour introduire un se- 

cond reactif gazeux dans ladite chambre 
de generateur, autour desdits agence- 
ments de piles electrochimiques, et a 
travers lesdites barrieres poreuses dans 

20 chacune desdites chambres de produits 

de combustion; 

- (F) des moyens pour separer lesdits pre- 
mier et second reactifs gazeux d'un 
contact direct I'un avec I'autre avant Pin- 

25 troduction de chacun d f eux dans lesdites 

chambres de produits de combustion; et 

- (G) des moyens pour evacuer les pre- 
mier et second reactifs des chambres de 
produits de combustion. 

30 

17. Generateur selon la revendication 16, caracteri- 
se par le fait que les agencements de piles 
electrochimiques comprennent chacun: une 
pluralite de piles elementaires. les piles ele- 

35 mentaires comprenant une electrode interieure 

poreuse. electroniquement conductrice et an- 
nulare; un electrolyte solide en contact avec 
ladite premiere electrode et entourant celle-ci; 
et une electrode exterieure poreuse et electro- 
40 niquement conductrice, en contact avec ledit 

electrolyte et entourant ce dernier; des ele- 
ments d'interconnexion electroniquement 
conducteurs et annulaires disposes entre les 
piles elementaires et par le fait que les electro- 
ns des interieures des piles elementaires du 
meme agencement de piles sont connectees 
electroniquement par I'intermediaire de I'ele- 
ment d'interconnexion, et les electrodes exte- 
rieures des piles elementaires du meme agen- 
50 cement de piles sont separees physiquement 
et electroniquement les unes des autres et des 
electrodes interieures sur le meme agence- 
ment de cellules, afin de fournir une pluralite 
de troncons electrochimiques segmentes. 

55 

18. Generateur selon la revendication 17, caracteri- 
se par le fait que chaque agencement de piles 
electrochimiques comprend au moins deux 
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parties, chaque partie etant reliee a I'autre par 
un manchon annulaire, le manchon reliant des 
elements cellulaires contenant seulement des 
parties electrolyte et des parties electrode inte- 
rieure, ledit manchon comprenant une partie 
exterieure dense contigue a ('electrolyte, et 
une partie interieure poreuse contigue a I'elec- 
trode interieure poreuse, ('electrode interieure 
etant une electrode a air, ('electrode exterieure 
etant une electrode a combustible, I'electrolyte 
etant un materiau constitue d'oxyde solide im- 
permeable aux gaz, et ('interconnexion etant 
une chromite de lanthane dopee par un oxyde. 

19. Generateur selon les revendications 17 ou 18, 
caracterise par le fait que ('electrode interieure 
est autoportante, et que les surfaces exterieu- 
res des elements annulaires d'interconnexion 
sont partiellement recouvertes d'electrolyte. 

20. Generateur selon les revendications 17, 18 ou 
19, caracterise par le fait que le premier reactif 
gazeux est introduit dans les agencements de 
piles electrochimiques ayant chacun une extre- 
mite ouverte vers une chambre de produits de 
combustion. 

21. Generateur selon la revendication 20, caracteri- 
se par le fait que chaque agencement de piles 
electrochimiques comporte un tube d'injection 
de gaz s'etendant dans I'agencement de piles, 
pour decharger le premier reactif gazeux a 
I'interieur de la pile electrochimique et un 
moyen pour ecouler le premier reactif gazeux 
dans chaque tube d'injection de gaz, et qu'une 
pluralite de tubes d'injection de gaz sont dis- 
poses a I'exterieur des agencements de piles 
electrochimiques et parmi ceux-ci dans la 
chambre de generateur et comportent un 
moyen pour ecouler le second reactif gazeux 
dans la chambre de generateur, (es ouvertures 
dans les agencements de piles electrochimi- 
ques et les porosites des barrieres poreuses 
separant chaque chambre de produits de com- 
bustion de la chambre de generateur permet- 
tant approximativement un ecoulement egal 
des deux reactifs gazeux penetrant dans les 
deux chambres de produits de combustion. 

22. Generateur a piles a combustible et a electro- 
lyte solide selon la revendication 16, dans te- 
quel chacun desdits agencements de piles 
electrochimiques comprend: une pluralite de 
piles elementaires, les piles elementaires com- 
prenant une electrode interieure poreuse, etec- 
troniquement conductrice et annulaire; un elec- 
trolyte solide en contact avec ladite premiere 
electrode et entourant celle-ci; et une electrode 



exterieure poreuse et electroniquement 
conductrice, en contact avec Jedit electrolyte et 
entourant completement ce dernier; des ele- 
ments d'interconnexion electroniquement 

s- conducteurs et annulaires etant disposes entre 

les piles elementaires, connectant electroni- 
quement les electrodes interieures des piles 
elementaires aux electrodes interieures des pi- 
les elementaires adjacentes du meme agence- 

io ment de piles, et les electrodes exterieures 

des piles elementaires etant separees physi- 
quement et electroniquement des electrodes 
exterieures des piles elementaires adjacentes 
du meme agencement de piles et des electro- 

75 des interieures des piles elementaires adjacen- 

tes du meme agencement de piles, pour four- 
nir une pluralite de trongons electrochimiques 
segmentes. 

20 23. Generateur selon la revendication 22, caracteri- 
se par le fait que chaque agencement de piles 
electrochimiques comprend au moins deux 
parties, chaque partie etant reliee a I'autre par 
un manchon annulaire, le manchon reliant les 

25 piles elementaires contenant seulement des 

parties electrolyte et des parties electrodes 
interieures, ledit manchon comprenant une 
partie exterieure dense contigue a I'electrolyte 
et une partie interieure poreuse contigue a 

30 ('electrode interieure poreuse, ('electrode inte- 

rieure etant une electrode a air, I'electrode 
exterieure etant une electrode a combustible, 
['electrolyte etant un materiau constitue d'un 
oxyde solide impermeable aux gaz, et i'inter- 

35 connexion etant une chromite de lanthane do- 

pee par un oxyde. 

24. Generateur selon les revendications 22 ou 23, 
caracterise par le fait que I'electrode interieure 
40 est autoportante et que les surfaces exterieu- 

res des elements annulaires d'interconnexion 
sont partiellement recouvertes d'electrolyte. 
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25. Generateur selon les revendications 22, 23 ou 
24, caracterise par le fait que le premier reactif 
gazeux est introduit dans les agencements de 
piles electrochimiques ayant chacun une extre- 
mite ouverte vers une chambre de produits de 
combustion. 



26. Generateur selon les revendications 22 a 25, 
caracterise par le fait que les surfaces exte- 
rieures des elements annulaires d'intercon- 
nexion de chaque agencement de piles elec- 
65 trochimiques sont connectees en serie a un 

agencement adjacent de piles electrochimi- 
ques, de telle sorte que lesdites surfaces exte- 
rieures des elements d'interconnexion soient 
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connectees electroniquement aux surfaces des 
electrodes exterieures a combustible d'un 
agencement adjacent de piles electrochimi- 
ques. 

27. Generateur selon la revendication 26, caracteri- 
se par le fait que chaque agencement de piles 
electrochimiques est egalement connecte en 
parallele aux agencements adjacents de piles 
electrochimiques, de telle sorte que les surfa- 
ces exterieures des elements annulaires d'in- 
terconnexion des agencements de piles elec- 
trochimiques soient connectees electronique- 
ment aux surfaces exterieures des elements 
annulaires d'interconnexion des agencements 
electrochimiques adjacents, et que les surfa- 
ces exterieures des electrodes a combustible 
des agencements de piles electrochimiques 
soient connectees electroniquement aux surfa- 
ces exterieures des electrodes a combustible 
des agencements adjacents de piles electro- 
chimiques. 

28. Generateur selon Tune quelconque des reven- 
dications 22 a 27, caracterise par le fait que 
chaque agencement de piles electrochimiques 
comporte un tube d'injection de gaz s'etendant 
a Pinterieur de I'agencement de piles, pour 
decharger le premier reactif gazeux dans la 
pile electrochimique et un moyen pour intro- 
duce le premier reactif gazeux dans chaque 
tube d'injection de gaz, et qu'une pluralite de 
tubes d'injection de gaz sont disposes a I'exte- 
rieur des agencements de piles electrochimi- 
ques et parmi celles-ci dans la chambre de 
generateur et comportent un moyen pour intro- 
duce le second reactif gazeux a I'interieur de 
la chambre de generateur, les ouvertures dans 
les agencements de piles electrochimiques et 
les porosites des barrieres poreuses separant 
chaque chambre de produits de combustion 
de la chambre de generateur permettant ap- 
proximativement un ecoulement egal des deux 
reactifs gazeux penetrant dans les deux cham- 
bres de produits de combustion. 

29. Generateur selon la revendication 28, caracteri- 
se par le fait que I'electrode interieure est une 
electrode a air, I'electrode exterieure est une 
electrode a combustible, le premier reactif ga- 
zeux est un oxydant et le second reactif ga- 
zeux est un combustible, et que les tubes 
d'injection de gaz disposes a I'exterieur des 
agencements de piles electrochimiques ont un 
revetement interieur fait d'un catalyseur de re- 
formage combustible. 

30. Generateur selon les revendications 28 ou 29, 



caracterise par le fait que le tube d'injection de 
gaz s'etendant a i'interieur de I'agencement de 
piles est supporte dans I'agencement par la 
partie interieure du manchon. 

5 

Patentanspruche 

1. Eine axial langgestreckte, ringformige Brenn- 
stoffzellenanordnung, bestehend aus einer 

10 Vielzahl von Zellelementen, jeweils bestehend 

aus einer selbsttragenden, ringformigen, elek- 
tronisch leitenden, porosen, inneren Luftelek- 
trode; einem festen Oxidelektrolyten, der die 
genannte innere Luftelektrode beruhrt und um- 

is gibt; und einer elektronisch leitenden, porosen, 

au/Jeren Brennstoffelektrode, die den Elektroly- 
ten beruhrt und umgibt; mit einem ringformi- 
gen, elektronisch leitenden Zwischenverbin- 
dungsglied, das zwischen den Zellelementen 

20 angeordnet und mit diesen verbunden ist, wo- 

bei die inneren Luftelektroden der Zelielemen- 
te auf der gleichen Zellanordnung durch das 
Zwischenverbindungsglied hindurch elektro- 
nisch miteinander verbunden sind, wahrend 

25 die autferen Elektroden der Zellenelemente auf 

der gleichen Zellenanordnung physikalisch und 
elektronisch voneinander und von den inneren 
Elektroden auf der gleichen Zellenanordnung 
getrennt sind. 

30 

2. Eine Brennstoffzellenanordnung nach Anspruch 
1, dadurch gekennzeichnet, da/J die au/tere 
Oberflache der ringformigen Zwischenverbin- 
dungsglieder teilweise mit Elektrolyt bedeckt 

35 sind. 

3. Eine Brennstoffzellenanordnung nach Anspruch 
1 oder 2, dadurch gekennzeichnet, daj3 die 
Luftelektrode aus dotierten und undotierten 

40 Oxiden oder Mischungen von Oxiden in der 

Pervoskitfamilje besteht, wie LaMnC>3, LaNi0 3 , 
LaCo03, LaCr03, oder Mischungen davon, dafl 
die Brennstoffelektrode Nickel-Zirkonoxid-Cer- 
met oder Kobalt-Zirkonoxid-Cermet ist, dafl der 

45 Elektrolyt testes, yttria-stabilisiertes Zirkonoxid 

umfatft, und da/3 das Zwischenverbindungs- 
glied ein Oxid-dotiertes Lanthan-Chromit ist. 

4. Eine Anordnung, bestehend aus zwei Brenn- 
50 stoffzellenanordnungen gemaO Anspruch 1, 2 

oder 3, mittels ringformiger Hulsenanordnun- 
gen aneinandergebunden, wobei die Hulsenan- 
ordnungen Zellelemente miteinander verbin- 
den, die nur Elektrolytteile und innere Elektrod- 
55 enteile enthalten, wobei die Hulsenanordnun- 

gen einen dichten, aufleren, gasundurchlassi- 
gen Teil umfassen, der nachstliegend zu dem 
Elektrolyten angeordnet ist, und einen poro- 
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sen, inneren Teil, der nachstliegend zu der 
porosen, inneren Elektrode angeordnet ist. 

Eine Anordnung, bestehend aus einer Vieizahi 
von Brennstoffzellenanordnungen gema/J An- 5 
spruch 1, 2 oder 3, angeordnet parallel zuein- 
ander, wobei die au/Jeren Oberflachen der 
ringformigen Zwischenverbindungsglieder ei- 
ner jeden Brennstoffzellenanordnung elektro- 
nisch an den au/Jeren Brennstoffelektroden- w 
oberflachen von parallelen Zellenanordnungen 
angeschlossen sind. 

Eine Anordnung nach Anspruch 5, dadurch 
gekennzeichnet, da/3 die Anordnung in einem rs 
Gehause angeordnet ist, in dem hei/Jes Oxida- 
tionsgas in das innere der Luftelektroden ein- 
stromend ist, um die Luftelektroden zu bertih- 
ren, und heifles Brennstoffgas um die Au/Jen- 
seite der Brennstoffelektroden herumstromend 20 
ist, um die Brennstoffelektroden zu beriihren. 

Eine Brennstoffzellenkonfiguration von axial 
langgestreckten, ringformigen, elektrochemi- 
schen Zellen, wobei die Konfiguration eine (mit 25 
. Bezug auf die Konfiguration) zentrale, axial 
langgestreckte, eiektrochemische Zellenanord- 
nung umfa/lt, sowie eine Vieizahi von paralle- 
len, axial langgestreckten, elektrochemischen 
Zellenanordnungen, die die genannte zentrale 30 
Anordnung umrunden, wobei die elektrochemi- 
. schen Zellenanordnungen eine Vieizahi von 
Zellelementen aufweisen, wobei die Zellenele- 
mente eine selbsttragende, ringformige, etek- 
tronisch leitende, porose, innere Luftelektrode, 35 
einen ringformigen, gasundurchlassigen, aus 
festem Oxid bestehenden, elektronisch isolie- 
renden Elektrolyten aufweisen, der die Luft- 
elektrode beruhrt und umgibt; und eine ringfor- 
mige, elektronisch leitende, porose, au/tere 40 
Brennstoffelektrode, die den Elektrolyten be- 
ruhrt und umgibt; mit einem ringformigen, 
elektronisch leitenden Zwischenverbindungs- 
giied, das zwischen den Zellelementen ange- 
ordnet ist, wobei die inneren Luftelektroden der 45 
Zellelemente auf der gleichen Zellanordnung 
uber. das Zwischenverbindungsglied elektro- 
nisch verbunden sind, und die au/Jeren Elek- 
troden der Zellelemente auf der gleichen Zel- 
lanordnung physikalisch und elektrisch vonein- so 
ander und von den inneren Elektroden der 
gleichen Zellanordnung abgeteilt sind, wobei 
die au/Jeren Oberflachen der ringformigen Zwi- 
schenverbindungsglieder der zentralen elektro- 
chemischen Zellenanordnung in Serie verbun- 55 
den sind mit angrenzenden elektrochemischen 
Zellanordnungen, so da/3 die Au/Jenseitenober- 
flachen der Zwischenverbindungsglieder mit 



den au/Jeren Brennstoffelektrodenoberflachen 
von parallelen elektrochemischen Zellanord- 
nungen elektronisch verbunden sind. 

8. Eine Konfiguration nach Anspruch 7, dadurch 
gekennzeichnet, da/3 die zentrale eiektrochemi- 
sche Zellenanordnung auch verbunden ist mit 
parallelen elektrochemischen Zellenanordnun- 
gen, so da/J die au/Jeren Oberflachen der Zwi- 
schenverbindungsglieder der zentralen elektro- 
chemischen Zellenanordnung elektronisch ver- 
bunden sind mit den au/Jeren Oberflachen der 
Zwischenverbindungsglieder von parallelen 
elektrochemischen Anordnungen, und die au- 
/Jenseitige Brennstoffelektrodenoberflachen der 
zentralen elektrochemischen Zellenanordnung 
elektronisch verbunden sind mit den au/Jeren 
Brennstoffelektrodenoberflachen von parallelen 
elektrochemischen Zellenanordnungen. 

9. Ein elektrochemischer Zellengenerator, beste- 
hend aus 

(A) einer Gehauseeinrichtung, die eine Viei- 
zahi von Kammern bildet, einschliefllich ei- 
ner Generatorkammer und einer Verbren- 
nungsproduktkammer; 

(B) einer porosen Barriere, die die 
Generator- und die Verbrennungsprodukt- 
kammer trennt; 

(C) einer Vieizahi von axial langgestreckten 
elektrochemischen Zellenanordnungen, die 
innerhalb der Generatorkammer angeordnet 
sind, wobei die eiektrochemische Zellenan- 
ordnungen jeweils eine Vieizahi von Zellele- 
menten umfa/Jt, wobei die Zellelemente eine 
ringformige, elektronisch leitende, porose, 
innere Elektrode umfa/3t; einem festen Elek- 
trolyten, der die erste Elektrode beruhrt und 
umgibt; und einer elektronisch leitenden, 
porosen, au/3eren Elektrode, die den Elek- 
trolyten beruhrt und umgibt; mit ringformi- 
gen, elektronisch leitenden Zwischenverbin- 
dungsgliedern, die zwischen den Zellele- 
menten angeordnet sind, wobei die inneren 
Elektroden der Zellelemente auf der glei- 
chen Zellenanordnung mittels dem Zwi- 
schenverbindungsglied elektronisch verbun- 
den sind, und die au/Jeren Elektroden der 
Zellelemente auf der gleichen Zellenanord- 
nung voneinander und yon den inneren 
Elektroden der gleichen Zellenanordnung 
physikalisch und elektronisch abgeteilt sind, 
um so eine Vieizahi von abgeteilten elektro- 
chemischen Langsstucken zu bilden; 

(D) Einrichtungen zum .Stromen eines er- 
sten gasformigen Reaktionsmittels durch 
die ringformigen Brennstoffzellen und durch 
die porose Barriere in die Verbrennungspro- 
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duktkammer; 

(E) Einrichtungen zum Durchstromen eines 
zweiten gasformigen Reaktionsmittels in die 
Generatorkammer, um die Brennstoffzellen 
herum, und durch die porose Barriere in die 
Verbrennungsproduktkammer hinein; 

(F) Einrichtungen zum Trennen von erstem 
und zweitem gasformigen Reaktionsmittel 
gegenuber direktem Kontakt miteinander 
vor dem Eintritt in die Verbrennungspro- 
duktkammer; und 

(G) Einrichtungen zum Auslassen des er- 
sten und des zweiten Reaktionsmittel aus 
der Verbrennungsproduktkammer. 

10. Ein Generator nach Anspruch 9, dadurch ge- 
kennzeichnet, dafl jede elektrochemische Zel- 
lenanordnung zumindest zwei Teile urnfaflt, 
wobei jeder Teil mittels einer ringformigen Hul- 
seneinrichtung verbunden ist, wobei die Hul- 
seneinrichtung Zellelemente miteinander ver- 
bindet, die nur Elektrolytteile und innere Elek- 
trodenteile enthalten, wobei die Hulserieinrich- 
tung einen dichten aufleren Teii urnfa/tt, der 
nachstliegend zu dem Elektrolyten angeordnet 
ist, und einen porosen inneren Teil, der 
nachstliegend zu der porosen inneren Elektro- 
de angeordnet ist, wobei die innere Elektrode 
eine Luftelektrode ist., die au/Jere Elektrode 
eine Brennstoffelektrode ist, der Elektrolyt ein 
gasundurchlassiges Festoxidmaterial ist, und 
das Zwischehverbindungsglied ein Oxid-dotier- 
tes Lanthan-Chromit ist. 

11. Ein Generator nach Anspruch 9 oder 10, da- 
durch gekennzeichnet, da/5 die innere Elektro- 
de selbsttragend und die auflere Oberflache 
der ringformigen Zwischenverbindungsglieder 
teilweise mit Elektrolyt bedeckt sind. 

12. Ein Generator nach Anspruch 9, 10 oder 11, 
dadurch gekennzeichnet, dafl die auflenseiti- 
gen Oberflachen der ringformigen Zwischen- 
verbindungsglieder einer jeden elektrochemi- 
schen Zellenanordnung in Serie verbunden 
sind mit einer angrenzenden elektrochemi- 
schen Zellenanordnung, so da/J die au/tenseiti- 
gen Oberflachen der Zwischenverbindungsglie- 
der elektronisch mit den aufleren Brennstoff- 
elektrodenoberflachen von einer angrenzenden 
elektrochemischen Zellenanordnung verbunden 
sind. 

13. Ein Generator nach einem der Anspruche 9 bis 
12, dadurch gekennzeichnet, da/J die Genera- 
torkammer zwischen zwei Verbrennungspro- 
duktkammern angeordnet ist, mit einer poro- 
sen Barriere, die jede Verbrennungsprodukt- 



kammer von der Generatorkammer abtrennt, 
wobei das erste gasformige Reaktionsmittel 
und das zweite gasformige Reaktionsmittel in 
beide Verbrennungsproduktkammern flie/Jen 
5 • konnen. 

14. Ein Generator nach Anspruch 13, dadurch ge- 
kennzeichent, da/J das erste gasformige Reak- 
tionsmittel in elektrochemische Zellenanord- 

10 nungen gefuhrt ist, die jedes Ende zu einer 

Verbrennungsproduktkammer offen haben. 

15. Ein Generator nach Anspruch 14, dadurch ge- 
kennzeichnet, da/J jede elektrochemische Zel- 

75 lenanordnung ein Gasinjektorrohr besitzt, das 

sich in die Zellenanordnung hineinerstreckt, 
um das erste gasformige Reaktionsmittel in- 
nerhaib der elektrochemischen Zelle auszuge- 
ben, und Einrichtungen besitzt, um das erste 

20 gasformige Reaktionsmittel in jedes Gasinjek- 

torrohr einzufuhren, und wobei eine Vielzahl 
von Gasinjektorrohren auflerhalb von und zwi- 
schen den elektrochemischen Zellenanordnun- 
gen in der Generatorkammer angeordnet sind 

25 und Einrichtungen besitzen, um das zweite 

gasformige Reaktionsmittel in die Generator- 
kammer einzustromen. wobei die Offnungen in 
den elektrochemischen Zellenanordnungen 
und die Porositaten der porosen Barrieren, die 

30 jede Verbrennungsproduktkammer von der Ge- 

neratorkammer trennen, ungefahr eine gleiche 
Stromung von beiden gasformigen Reaktions- 
mitteln in beide Verbrennungproduktkammern 
hinein ermoglichen. 

35 

16. Ein elektrochemischer Zellengenerator, beste- 
hend aus 

(A) eine Gehauseeinrichtung, die eine Viel- 
zahl von Kammern bildet, einschlie/JIich 

40 zwei Verbrennungsproduktkammern mit ei- 

ner zwischen diesen angeordneten Genera- 
torkammer; 

(B) porosen Barrieren, die die Generator- 
kammer von den zwei verbrennungspro- 

45 duktkammern trennt; 

(C) einer Vieizahl von axial langgestreckten, 
ringformigen elektrochemischen Zellenan- 
ordnungen gema/3 Anspruch 1 , die inner- 
halb der Generatorkammer angeordnet sind; 

so (D) Einrichtungen zum Stromen eines er- 

sten gasformigen Reaktionsmittels durch 
die ringformigen, elektrochemischen Zelle- 
nanordnungen und durch die porosen Bar- 
rieren in beide genannte Verbrennungspro- 

55 duktkammern hinein; 

(E) Einrichtungen zum Stromen eines zwei- 
ten gasformigen Reaktionsmittels in die Ge- 
neratorkammer hinein, um die elektrochemi- 
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schen Zellenanordnungen herum und durch 
die porosen Barrieren hindurch in beide ge- 
nannte Verbrennungsproduktkammern; 

(F) Einrichtungen zum Trennen von erstem 

und zweitem gasformigen Reaktionsmittel 6 
gegenuber direktem Kontakt miteinander 
vor dem Eintritt in jede der Verbrennungs- 
produktkammern; und 

(G) Einrichtungen 2um Ausgeben von er- 
stem und zweitem Reaktionsmittel aus den 10 
Verbrennungsproduktkammern 

17. Ein Generator nach Anspruch 16, dadurch Ge- 
kennzeichnet, dafl die eiektrochemischen Zel- 
lenanordnungen jeweils eine Vielzahl von Zel- 75 
lelementen umfassen, wobei die Zellelernente 
eine ringformige, elektronisch leitende, porose, 
innere Elektrode umfassen; festen Elektrolyten, 

der die erste Elektrode beruhrt und umgibt; 
und eine elektronisch leitende, porose, autfere 20 
Elektrode, die den Elektrolyten beruhrt und 
umgibt; mit ringformigen, elektronisch leiten- 
den Zwischenverbindungsgliedern, die zwi- 
schen den Zellelementen angeordnet sind; und 
dadurch, dafl die inneren Elektroden der Zelle- 25 
lemente auf der gleichen Zellenanordnung 
elektronisch uber das zwischenverbindungs- 
glied miteinander verbunden sind, und die au- 
/3ere Elektroden der Zellelernente auf der glei- 
chen Zellenanordnung physikalisch und elek- 30 
tronisch voneinander und von den inneren 
Elektroden der gleichen Zellenanordnung ab- 
geteilt sind, um eine Vielzahl von abgeteilten 
eiektrochemischen Langsstucken zu liefern. 

35 

18. Ein Generator nach Anspruch 17, dadurch ge- 
kennzeichnet, dafl jede elektronische Zellenan- 
ordnung zumindest zwei Teile umfaflt,. wobei 
jeder Teil durch eine ringformige Hulsenein- 
richtung miteinander verbunden ist, wobei die 40 
Hulseneinrichtung Zellenelemente miteinander 
verbindet, die nur Elektrolytteile und innere 
Elektrodenteile aufweisen, wobei die Hulsen- 
einrichtung einen dichten aufleren Teil umfa/M, 

der nachstliegend zu dem Elektrolyten ange- 45 
ordnet ist, und einen porosen inneren Teil, der 
nachstliegend zu der porosen inneren Elektro- 
de angeordnet ist, wobei die innere Elektrode 
eine Luftelektrode ist, die au/tere Elektrode 
eine Brennstoffelektrode ist, der Elektrolyt ein 50 
gasundurchlassiges testes Oxidmaterial und 
die Zwischenverbindung ein Oxid-dotiertes 
Lanthan-Chromit ist. 

19. Ein Generator nach Anspruch 17 oder 18, da- 55 
durch gekennzeichnet, da/J die innere Elektro- 
de selbsttragend ist und die auflere Elektrode 

der ringformigen Zwischenverbindungsglieder 
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teilweise mit Elektrolyt bedeckt ist. 

20. Ein Generator nach Anspruch 17, 18 oder 19, 
dadurch gekennzeichnet, da/J das erste gasfor- 
mige Reaktionsmittel in elektrochemische Zel- 
lenanordnungen eingefuhrt wird, die das Ende 
offen zu einer Verbrennungsproduktkammer 
haben. 

21. Ein Generator nach Anspruch 20, dadurch ge- 
kennzeichnet, da/J jede elektrochemische Zel- 
lenanordnung ein Gasinjektorrohr besitzt, das 
sich in die Zellenanordnung erstreckt, um das 
erste gasformige Reaktionsmittel innerhalb der 
eiektrochemischen Zelle auszugeben, und Ein- 
richtungen besitzt. um das erste gasformige 
Reaktionsmittel in ein jedes Gasinjektorrohr 
einzustromen, und da/3 eine Vielzahl von Gas- 
injektorrohre au/terhalb von und zwischen den 
eiektrochemischen Zellenanordnungen in der 
Generatorkammer angeordnet sind und Ein- 
richtungen aufweisen, um das zweite gasformi- 
ge Reaktionsmittel in die Generatorkammer 
einzustromen. wobei die Offnungen in den 
eiektrochemischen Zellenanordnungen und die 
Porositaten der porosen Barrieren, die jede 
Verbrennungsproduktkammer von der Genera- 
torkammer trennen, ungefahr gleichen Stro- 
mungsflufl von beiden gasformigen Reaktions- 
mitteln in beide Verbrennungsproduktkammern 
ermoglichen. 

22. Ein Festelektrolytbrennstoffzellengenerator 
nach Anspruch 16, bei dem die eiektrochemi- 
schen Zellenanordnungen jeweils eine Vielzahl 
von Zellelementen umfassen, die Zellelernente 
eine ringformige, elektronisch leitende, porose, 
innere Elektrode aufweisen, Festelektrolyt die 
erste Elektrode beruhrt und umrundet; und 
eine elektronisch leitende, porose, autfere 
Elektrode den Elektrolyten beruhrt und umgibt; 
mit ringformigen, elektronisch leitenden Zwi- 
schenverbindungsgliedern zwischen den Zelle- 
lementen, die die inneren Elektroden der Zelle- 
lernente mit der inneren Elektrode von angren- 
zenden Zellelementen auf der gleichen Zelle- 
nanordnung verbinden, und bei der die au/3e- 
ren Elektroden der Zellelernente physikalisch 
und elektronisch von den au/Jeren Elektroden 
von angrenzenden Zellelementen auf der glei- 
chen Zellenanordnung und von den inneren 
Elektroden der angrenzenden Zellelernente auf 
der gleichen Zellenanordnung abgeteilt sind, 
um eine Vielzahl von segmentierten, eiektro- 
chemischen LangsstQcken zu bilden. 

23. Ein Generator nach Anspruch 22, dadurch ge- 
kennzeichnet, da/J jede elektrochemische Zel- 
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; enanordnung zumindest zwei Teile umfaflt, 
=.vobei jeder Teii durch eine ringfdrmige Hiilse- 
nanordnung verbunden ist, wobei die Hulse- 
nanordnung Zellelemente miteinander verbin- 
det, die nur Elektrolytteile und innere Elektrod- 
enteile umfassen, wobei die Hulseneinrichtun- 
gen einen dichten aufleren Teil umfassen, der 
nachstliegend zu dem Elektrolyten angeordnet 
ist, und einen porosen inneren Teil, der 
nachstliegend zu der porosen inneren Elektro- 
de angeordnet ist, wobei die innere Elektrode 
eine Luftelektrode ist, die auflere Elektrode 
eine Brennstoffelektrode ist und der Elektrolyt 
ein gasundurchlassgiges, testes Oxidmaterial 
ist und die Zwischenverbindung ein Oxid-do- 
tiertes Lanthan-Chrornit ist. 

24. Ein Generator nach Anspruch 22 oder 23, da- 
durch gekennzeichnet, dafl die innere Elektro- 
de selbsttragend ist und die auflere Oberflache 
der ringformigen Zwischenverbindungsglieder 
teilweise mit Elektrolyt bedeckt sind. 

25. Ein Generator nach Anspruch 22, 23 oder 24, 
dadurch gekennzeichnet, dafl das erste gasfdr- 
mige Reaktionsmittel in die elektrochemische 
Zellenanordnungen gefuhrt ist. die jedes Ende 
zu einer Verbrennungsproduktkammer offen 
hat. 



28. Ein Generator nach einem der Anspruche 22 
bis 27, dadurch gekennzeichnet, dafl jede elek- 
trochemische Zellenanordnung ein Gasinjektor- 
rohr besitzt, das sich in die Zellenanordnung 

5 hineinerstreckt, urn das erste gasfdrmige Re- 

aktionsmittel innnerhalb der elektrochemischen 
Zelle auszugehen, und Einrichtungen besitzt, 
urn das erste gasfdrmige Reaktionsmittel in 
jedes Gasinjektorrohr einzustromen, und da/3 

70 eine Vielzahl von Gasinjektorrohr auflerhalb 

von und zwischen den elektrochemischen Zel- 
lenanordnungen in der Generatorkammer an- 
geordnet sind und Einrichtungen aufweisen, 
um das zweite gasfdrmige Reaktionsmittel in 

75 die Generatorkammer einzustromen, wobei die 

Offnungen in den elektrochemischen Zellenan- 
ordnungen und die Porositaten der porosen 
Barrieren, die jede Verbrennungsproduktkam- 
mer von der Generatorkammer trennen, unge- 

20 fahr gleiche Stromung von beiden gasformi- 

gen Reaktionsmitteln in beide Verbrennungs- 
produktkammern ermoglichen. 

29. Ein Generator nach Anspruch 28, dadurch ge- 
25 kennzeichnet. dafl die innere Elektrode eine 

Luftelektrode, die au/3ere Elektrode eine Brenn- 
stoffelektrode, das erste gasfdrmige Reaktions- 
mittel ein Oxidationsmittel, und das zweite gas- 
fdrmige Reaktionsmittel ein Brennstoff ist und 
wobei die Gasinjektorrohre, die auflerhalb der 
elektrochemischen Zellenanordnungen ange- 
ordnet sind, eine innere Beschichtung aus ei- 
nem Brennstoff reformierenden Katalysator 
aufweisen. 



26. Ein Generator nach den Anspruchen 22 bis 25, 
dadurch gekennzeichnet, dafl die aufleren 
Oberflachen der ringformigen Zwischenverbin- 
dungsglieder einer jeden elektrochemischen 
Zellenanordnung in Serie mit einer angrenzen- 35 
den elektrochemischen Zellenanordnung ver- 
bunden sind, so da/i die aufleren Oberflachen 
der Zwischenverbindungsglieder elektronisch 
verbunden sind mit den aufleren Brennstoff- 
eiektrodenoberflachen von einer angrenzenden 40 
elektrochemischen Zellenanordnung. 



30. Ein Generator nach Anspruch 28 oder 29, da- 
durch gekennzeichnet, dafl das Gasinjektor- 
rohr, das sich in die Zellenanordnung hineiner- 
streckt, innerhalb der Anordnung durch den 
inneren Teil der Hulseneinrichtungen gestutzt 
ist. 



27. Ein Generator nach Anspruch 26, dadurch ge- 
kennzeichnet, dafl jede elektrochemische Zel- 
lenanordnung auch parallel zu angrenzenden 45 
elektrochemischen Zellenanordnungen ange- 
schlossen ist, so dafl die aufleren Oberflachen 
der ringformigen Zwischenverbindungsglieder 
der elektrochemischen Zellenanordnungen mit 
den aufleren Oberflachen der ringformigen so 
Zwischenverbindungsglieder von angrenzen- 
den elektrochemischen Anordnungen elektro- 
nisch verbunden sind, und die aufleren Brenn- 
stoffelektrodenoberflachen der elektrochemi- 
schen Zellenanordnungen elektronisch mit den 55 
aufleren Brennstoffelektrodenoberflachen von 
angrenzenden elektrochemischen Zellenanord- 
nungen verbunden sind. 
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